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THE SClENTinC PROCEEDINGS OP THE AMERICAN SOCIETY 
rOR PHARMACOLOGY AND EXPERIMENTAL 
THERAPEUTICS, INCORPORATED 

THmT\-SrcoNO Annual Mletino, Chicago, Illinois, April 15-19, 1941 

Anesthetic Potency and Biochemical Effects of 1 and S Chlor-Propent-l and 1 
and S Brom-Propene-1 B E Adreu, S A Peoples, G A IUndlei 
and D r Marsh (introduced b> C D Leake), of Oklahoma, 

Umversitj of Alabama, Unuersitj of South Dakota and Uni\crsity of 
California 

Previously published experiments {Anesthesia and Analgesia, 18 156, 1939) 
indicate that certain mono-halogenatcd olefins might have possibilities as 
general anesthetic agents Atropinized dogs v\ere maintained m the second 
plane of the third stage of anesthesia (Gu^el) for 60 minutes, ^\lth appro- 
priate concentrations of 1 and 2 Chlor-Propcne-l and 1 and 2 Brom-Propene-1 
A modification of the Waters’ absorption technique was cmploj ed for anes- 
thetizing the animals At 20 minute intcrv als after the start of anesthesia, 
blood and bag concentrations of the anesthetic agents were determined by a 
method devised by one of us (S A P ) to be described elsewhere Plasma 
carbon dioxide combining povier, blood glucose and blood lactate were deter- 
mined at the same time mterv als as the anesthetics, and at 30, 60 and 120 
minute intervals after the cessation of anesthesia There is no significant 
difference between the brominated and chlorinated compounds with respect 
to anesthetic potency or ease of production of biochemical changes In the 
case of all of the compounds no marked changes in blood constituents were 
observed 

The Determination of Chloral Hydrate in Blood and the Absorption Curie of 
Chloral Hydrate W Llovd Adams (Introduced b> BjTon B Clark), 
Alban}" Medical College 

The P^giw ara color reaction (R — C — ^Iialogens + pj ndme — > red or pink 
color) 13 extremely sensitive (1 1,000,000) but the color fades rapidly Con- 
sequently, previous adaptations of this reaction to quantitative methods 
have necessitated simultaneous control determinations An extended study 
of the conditions under which chloral hydrate may be determined quantita- 
tively bj this color reaction has been made A method which eliminates the 
necessity of controls, increases accuracy, and shortens the time of determina- 
tion has been dev eloped using an appropriate filter and a photoelectnc color- 
imeter This was possible onlj after finding the means of producing an 
optically clear solution wsthout filtration, and after finding a means of signifi- 
cantly retarding color-fading Duplicate determinations can be made on 
blood contammg only 0 025 mgm of chloral hydrate per cc with an error of 
less than 5% 

Chloral hydrate has been administered by stomach tube to dogs, and sam- 
ples of blood taken at 10 minute intervals for several hours, and once daily 
thereafter The absorption curves, which will be shown, rev eal the presence 
1 
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of a small amount of the dnig for several clays before the blood is free of 
chlonah 

EJfccls of Chlorinalion of Alkyl Crcsols on Their Local and Syslcjnic Activity, 
Hamilton' H. Andeuson and H. Htj (by invitation), Peiping Union 
Medical College. 

Bro\vn and Latnsou (J. Pharmacol, and Exp. Therap., 63: 2G4, 1935) 
determined the oral toxicity of a complete scries of alkyl phenols and founcl 
6-hcxyhm-crcsol to be no more toxic for man than liexylresorcinol. Unlike 
hexylrcsorcinob it does not cause any whitening of mucous membranes (J. 
Pharmacol, and Exp. Therap., 63: 227, 1935). Hartman and Schclling 
(Amer. J. Surg., 46: 400, 1939) reported 4'Chloro-6-hexyl-m-cresol to be an 
cfTicicnt and non-irritant antiseptic having low local and systemic toxicity. 

For the present study 6-hexyI-m-cresol, it.s isomers and their chlorinated 
derivatives were prepared in this laboratory" by Prof. Peter P. T. Sah. Sys- 
temic toxicity in inbred white rats was determined by Bronm and Lamson's 
method. Local application on mucous membranes showed no untoward 
effects on the tongues of dogs and men, but there was slight redness of the 
conjunct i vac of dogs which persisted for from 5 to 7 hours. 

On gastric administration, the lethal range for all agents was found to be 
from more than 10 cc. to 1.5 cc. per kgm. in llO rats treated. Of the 6 
compounds tested, 6-chloro-2-hexyl-p-crcsol was least toxic. Other com- 
pounds, in order of increasing to.\icity, were 4'Chloro-O-hcxyl-o-crcsob 4- 
chloro-G-hcxyl-m-crcsol, 6-hexyl-m-fcrcsol, 6-hexyl-o-crcsol and 2-hexyl-p- 
crcsol. 

Severe convulsions developed immediately after lethal amounts of 2-hcxyI- 
p-c resol were administered. Less severe con^mlsions developed in rats gi%’’en 
smaller doses and appeared in one animal given 4-chloro-G-hexyl-m-crcsol. 
At necropsy congested lungs and kidneys were ohsor\"cd in most animals 
and with 2-hcxyl-p-crc.sol gastric and renal liemorrhagcs were noted. 

Chlorination reduced systemic toxicity of nil compounds; reduction in 
tmdeity was most pronounced in 6-chloro-2-hcxyl-p-crcsol, 

Side Chain Oxidations and Their Possible Pharviacolooical Significance, 
GEonc Batik.a^n', Evans Memorial, Massachusetts Memorial Hospitals, 
and Boston University School of Mc<iicinc. 

In previous investigations it was obser\"cd that under certain experimental 
conditions, sulfanilamide solutions when treated with oxy^gen form HsOj and 
a blue-violet compound which is roversibly" reducible and oxidizable. The 
hypothesis tliat the formation of the blue-colored product might be due to 
(he influence of nascent H5O2 found support in further experiments. 

Xasccnl hydrogen peroxide ns formed on aut oxidation of hydrazine solu- 
tions, in pro.scncc of cupric ions, oxidizes sulfanilamide to bluc-violct deriva- 
tives, which are also reversibly reducible and oxidizabic. It was found that 
arsanilate under the same conditions, unth liy'drazine, copper and oxygon, 
gave a blue product spectroscopically' identical uith that from sulfanilamide. 
On oxidation both sulfanilamide and arsanilate, obviously lose their charac- 
teristic side chains. There result identical, or at least similar, and chemically 
vco’ reactive products, derived from rather different original substances. 
The significance of this type or reaction is discussed from the pharmacological 
and toxicological point of view. 
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Pharmacological Simhvs on lao V Ethyl Ephcdnnc Hydrochloride {Ncthamtne 
Hydrochloride) I Toxicity and T/fci on the /?<’S 7 )irf 2 /or|/ and Ciiculatory 
Systems T J Blcker M R Warren, D G M\ush, and R S Shel- 
ton (introduced In R M K Gelling) ReseTrch I aboratoncs, The Wrn S 
^lorrcll Compaiij 

Curtus, in 1929 reported pielimmarj results obtained w ith some tertmrj 
amines clo'^clj related to ephedrmc and sugge«:tcd that a number of thc^'e 
might be more «iintablo for therapeutic purposes than le\ o ephednne One 
of these compounds le\oXeth)l ephednne hj drochlonde, has been pre- 
pared in pure form and its pharmacological action studied 
The toxic effects of this, compound ha^ e been obscr\cd m rabbits follow mg 
both oral and intra\ enous administration Results indicate that prolonged 
dailj administration of lc\ o X cthj 1 ephednne in doses of 25 mgm /kg 
mtravcnouslj or 50 mgm /kg oralK produces no apparent patliological 
changes The L D following intra\ enous administration is 50 mgm /kg 
or approximatclv the same as that of le\0'cphednno 
The effect of Icvo N-ctli>l ephednne on respiration has been determined 
m both normal and anesthetized dogs In normal dogs do‘?es of 1 to 5 
mgm /kg administered intra\ cnouslj produce no significant change m the 
rate but increase the depth of respiration 
The pressor effect of this compound has been determined in anesthetized 
and decerebrate dog'. Results indicate that le\o N ethji ephednne hjdro- 
chlonde m doses of 1 mgm /kg admimstered lnt^a^ enouslj exerts about one 
tenth the pressor action of similar amounts of lc\ o ephednne The site of 
action of Icvo N-cth\l ephednne hjdrochlonde on the heart has been deter- 
mined 

Results of experiments on rats indicate that le\ o \ eth\ 1 ephednne hydro- 
chlonde produces \erj little central stimulation The results ha\e been 
compared to those obtamed with similar doses of le\ o-cph«lrinc 

Attempted Inwnimzalion of Canaries against Plasmodium Cathenienuni hy 
Injection uith Filtered whole Mosquito Sxibstance HAHna Ceckmvn, 
Marquette Univ ereity School of Medicine 

Uninfected canaries were divided into two lots of 8 each One lot was 
mjected mtramuscularlj with 0 05 cc of the Berkfeld filtrate from a large 
number of uninfected mosquitoes ground up in physiological saline solution 
the injected amount representing the substance from one mo-^quito, injec- 
tions at mterv als of three dav s foi a senes of eight The other lot of birds 
was similarly injected wath salme alone Two dajs after the last injections 
mosquitoes carrving the sporozoites of Plasmodium calhemcrium were allowed 
to bite all the birds and six da> s thereafter blood smears began to bo made 
and were continued daih to death or recover (htenej) of the individual 
bird The injected material failed to show any immunizing properties as 
all save 1 of the treated birds developed a topical infection and all save 2 of 
the controls The 3 resistant birds became infected upon being bitten again 
sixteen dajs after the original bites 

Action Potentials in Isolated Nenc as a Measure of Local Anesthetic Potency 
A L Benneit VXD T C WroNER (bv invitation) and A R ^IcIntvre, 
Umvcrsitj of Nebraska College of Medicine 

Frog sciatic neivc maintained under constant temperature and luimiditv 



4 


PROCEEDINGS 


in a special chamber was driven single spike shocks of controllable intensity 
and frequency. The action potentials were amplified and made to drive a 
cathode ray oscilloscope ^yhere the action current could be photographically 
recorded. Solution containing local anesthetics could be applied to the ner^'^e 
without causing movement of the nerve on the electrodes and without open- 
ing the chamber surrounding the nerve. Observations of the extent and 
rate of change of the action potentials were used as a measurement of anes- 
thetic potency. 

It was found that when the concentration of procain was kept constant 


T 

2 log jD ^ 


( 1 ) 


It was also found that for a given diameter of nerve 



( 2 ) 

(3) 


Where T « time to 80 percent block 
D ~ diameter of nerve in micra 
R — (molarity —minimum effective molarity) 
minimum effective molarity 


Nitropkenol as an Aniiscpiic, R. Beutner and (by invitation) A. Cohen, 
AND K. R. Beutner, Hahnemann Medical College and Hospital of Phila- 
delphia. 

Due to chemical change when in contact with body tissue and a subse- 
quent inactivation, phenol and its derivatives have been at a disadvantage as 
wound antiseptics. Searching for a more stable, non-poisonous, non-irritant 
phenol derivative, o-nitrophenol seemed to satisfy these requirements. 

Wlien injected (500 mgm. in oil) intramuscularly into rabbits, it was 
recovered, unchanged, 85 to 95 per cent, from urine collected for 2 days 
after injection. Using p-chlorophenol similarly, about CO per cent was 
recovered; from phenol itself only 11 per cent (or 30 per cent in another case). 
Repeated application to a rabbit's coniea showed o-nitrophenol was non- 
irritant. Intramuscular injection of 600 mg. /kg. was necessary to kill mice. 

The effects of the drug on temperature and metabolism were also tested: 
50 mgm. in a 2 kg. rabbit caused no significant temperature change during 6 
hours (in agreement with older findings by Tainter, et al.). while in another 
rabbit injected as a control with only 20 mgm. of dinitrophenol, the tempera- 
ture rose 2° after 2 hours. Since metabolic stimulation is absent, o-nitro- 
phenol is not likely to cause late poisoning as does dinitrophenol. Ortho- 
nitrophenol was found highly penetrant since traces can be found in human 
urine even after inunction. Its phenol coefficient is about 20. 

Accordingly, in clinical tests it proved of value in burns and many skin 
diseases. 


The Effect of Narcotics on Diuresis.^ R. C. de Bodo and (by invitation) 
H. I. Bloch, New York University College of Medicine. 

I Aided by a grant from the American Philosophical Society. 
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When normal dogs on con'slnnt diet ‘ire brought into 'water equilibrium 
and then gi\en Mater either h\ stomach tube (40 cc /kg) or intravenously 
(25 cc/Kg), or given <!ahne intravenously* thcv excrete the fluid quanti- 
tativcK within three hours Dogs wath permanent diabetes insipidus in- 
duced by' de^tniction of the entire ncurohvpophv«!is give the same results 
Morphine as shown previously / decreases markedly the excretion of the 
water in normal dogs (excreted amount 2-15 per cent), whereas in those 
with permanent diabetes insipidus it docs not hav e this cfTect 
To determine whether other narcotics act in the same way, further expen- 
ments were earned out with sodium phenobarbital, sodium amytal, nem- 
butal chloralosane, chloral hydrate, and avertm The drugs were given 
intravenously in varving doses If the watei was administer^ by stomach 
the drugs w ere injected intrav enously forty minutes later to allow time for 
complete absorption of the water The amount of water excreted prior to 
the drug administration was measured 
Phenobarbital m small, nonanesthetic doses (0 035 0 040 grams A e ) de- 
creased tlic excretion of the water approximately 50 per cent m normal dogs, 
m diabetes insipidus dogs it had no effect on w ater excretion 
Sodium amy tal and nembutal in anesthetic doses decreased the excretion 
of water approximatelv 50 per cent in the majority of normal dogs 
Avertm, chloralosane and chloral hydrate were given in full anesthetic 
doses INTiile av ertm had a marked ant idiu retie action in normal dogs, the 
other two had no such action 

The study of the effect of sodium amv tal nembutal and av ertm on diuresis 
in the diabetes insipidus dogs is m progress 

Metabolic Fate of Enpal Milton T Bush and Thomas C Butler, Vander- 
bilt Universitv School of Medicine 

It was previouslv reported (J Pharmacol , 69* 277, 1940) that after ad- 
ministration of 7ior-evipal to dogs about 10 per cent was recov ered unchanged 
from the urine, that after administration of evipal such small amounts of 
narcotic material were recovered as to show that relatively little of the evipal 
IS converted to 7ior-evipal (by demethy lation) From the nor-evipal unne 
there has been obtained a new substance, in amount equivalent to more 
than 10 per cent of the nor-evipal administered It is relatively inactive as 
a narcotic, has m p 213-217° corr (decomp ) , its physical properties and ele- 
mentary analv'^es correspond to a C-cy clohexcnonyl-C-methyl barbitunc acid 
Thb, substance has also been isolated from the unne after ev ipal administra- 
tion, m an amount equivalent to about 5 per cent of the evapal In addition 
two other substances having respectivelv mp 141-142° corr and mp 
161-162 5° corr hav e so far been obtained from this unne Phy sical proper- 
ties and elementary analy'^es indicate that these are isoraenc C-methyl-C- 
cyclohexenony l-\ methyl barbituric acids 
Further studies are nece'isary and aie being made to establish these rela- 
tionships 

The Action of Ergot Alkaloids on the Virgin Rat Uterus II A Bussxbxrger 
(by imitation), L D S eager and 0 S Ghibs, University of Tennessee 
Isolated uterine segments from virgin Wistar rats were placed m Tyrode 
solution m a Gibbs constant temperature bath and contractions mechan- 
ically recorded 38 segments fiom 17 rats were studied 

* Journal of pharmacology d. Experimental Therapeutics 69, 276 19-10 
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In 176 administrations of ergotoxine ethanesulfonate, 1:3,000,000, to 
1:60,000, 7 gave slight increase in amplitude, 2 gave increase in rate only, 
2S a decrease in both rate and amplitude, 71 a decrease in amplitude, and 
55 gave no change. 

In 21 administrations of ergotamine tartrate, 1:1,000,000 to 1:100,000 
one gave increased tone, 6 a decrease in amplitude, and 14 no change. 

In 22 administrations of ergonovine, 1:1,600,000 to 1:400,000, 2 gave in- 
crease in amplitude, 9 a decrease in amplitude, and 11 no change. 

The depressant effect of epinephrine and histamine was confirmed. These 
also depress after ergotoxine causing an additive effect. No reversal to 
epinephrine was noted. 

Acetyl choline constantly stimulates the uterus and this may be reduced 
or antagonized by ergotoxine as w^ell as epinephrine. 

The Delay in Onset of Action of Iniravenoiisly Injected Aiieslhctics. Thomas 
C. Bxjtler, Vanderbilt University School of Medicine. 

Some anesthetics do not produce their full effect immediately after in- 
travenous injection. The delay in onset of anesthesia has been measured in 
mice for a number of drugs at a dose 1.25 times the median anesthetic dose. 
Lags were found only for the chloraloses and the 5,6-disubstituted derivatives 
of barbituric acid and hydantoin. Among the seventeen 5,5-disubstituted 
barbituric acids studied, the mean lags varied from zero to 23 minutes. In 
this group there is a rough correlation between anesthetic dose and lag, the 
more active drugs having the more rapid onset. If the comparison is limited 
to the subgroup having an ethyl group as one of the 5-substituents or that 
having an allyl group as one of the 5-substituents, the correlation is much 
more striking. No delay in onset was found for any N-alkyl barbituric acid 
or for any tbiobarbituric acid. 

The Effect of Ethyl Yohimbine in Experimental Hypertension, H. F. Chase 
(by invitation), F. F. Yonkwan and A, J. Lehman, Wayne University 
School of Medicine. 

Direct blood pressure tracings were taken from the femoral artery in ffve 
healthy dogs of both sexes under pentobarbital anesthesia as control records; 
following wiiich, four dogs w^ere laparotomized and, after one adrenal gland 
Avas extirpated, the kidne 3 ^s were encased in cellophane following the method 
of Page. The fifth, or control dog, w'as treated similarly except that the 
kidneys were merely stripped of their capsules and not wrapped in cellophane. 
Increase in tension developed in all dogs except in the control as shonm by 
subsequent readings under pentobarbital anesthesia. In acute experiments 
on these hypertensive dogs, Ethyl Yohimbine, 3 mgm. per kg. W'hen in- 
jected intravenously produced its well-kno^vn h^^potensive effect in all ani- 
mals. The percentage drops of systolic blood pressure from hypertensive 
levels w'ere 19, 29, 51, and 52 per cent, and in the control was 32 per cent. 
These effects were temporary as are those in normal animals. Epinephrine's 
effect was remarkably reversed (dose 0.005 mgm. per kg.) after Ethyl Yo- 
himbine, and tbis normally pressor amine accentuated the hypotensive effect 
of Yohimbine in all animals including the control. In dogs made hyper- 
tensive this method the hypertension produced does not interfere with 
the hypotensive effects of Ethyl Yohimbine, or with the w'ell-known ^'epineph- 
rine reversal'' effect a.s induced by the Yohimbine radical. 
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The prolonged effect of daiK administration of Yohimbine and Yohimbine 
’ * perirenal h>pertension 

■ progress m hich blood 
unanesthetizcd, lijper- 

tensne animals 

The Effect of Postenor PUmlary Extract on the Water Uptake in hrogs after 
Complete or Partial Hypophyscctomy, Infundibular Lemons and Thyroidcc-' 
tomy Grm!\m Chen (introduced bj E M K Gcihng), Unnersitj of 
Chicago 

The effect of posterior pituitary extract on the uater uptake of frogs sub- 
jected to \anous operative procedures lias been studied IVliile normal 
frogs showed a maximal weight increase averaging 20 per cent followang 
injection of 1 unit of postenor pituitarj extract per ten grams of frog, com- 
pletelj hj pophj sectomized animals or those m which either the anterior or 
neuro intermediate lobes w ere remov cd show cd a maximal w eight increase of 
onlj about 5 per cent Similar results were obtained in frogs in which wide 
lesions were made m the infundibular region If, however, the infundibulum 
were mcrelj punctured m the mid line, the reduction in response to postenor 
pituitarj was not so marked (maximal increase av eraging 12 5 per cent) 
Thj roidectomy resulted m some reduction in water uptake (maximal value 
averagmg 15 per cent) 

The of Ncoarsphcnamine and Tkto-Btsmol for Mtce and Chinese Ham- 
sters Y P Chen and H Y Soong (Introduced by Hamilton 11 Ander- 
son) Peipmg Union Medical College 

A\^iile extensive biological studies have been made on neoarsphenamine 
and thio bismol (sodium bismuth thioglycolate), the subcutaneous LDjo* of 
these agents on inbred mice and Chinese hamsters arc not av ailable Since 
both animals are useful m the stud> of experimental spirochaetal infections, 
the present study vvas undertaken as a prehmmarj step m the evaluation of 
drugs used as spirochaetocides 

Using normal inbred, white mice, and healthy stock hamsters, ten animals 
at each dose the LDso, were determmed bj the method of Gaddum et al 
(Med Res Gounc , Spec Rep Ser , no 128 and 183) 

The LDso. of neoarsphenamine for mice and for hamsters were 235 mgm 
per kgm and 190 mgm per kgm respective!} , and of thiobismol for mice 
and hamsters 32 mgm per kgm and 16 mgm per kgm respectively 
Eight} -five mice and 55 hamsters were used These results indicate that 
commercially available neoarsphenamine and thiobismol are more toxic for 
Chmese hamsters than for inbred mice 

The Comparatae Narcotic Potency of 1-dicthylacetyl 5 ,5-cyclopentamethylcne 
biuret Paraldehyde and (Sodium Barbital Charles H Cheng (by invita- 
tion) Hamilton H Anderson and S Y P an (by invitation), Yenchmg 
University and Peiping Union Medical College 

Hill and Degnan (J Amer Chem Soc , 62 1940) reported 1 diethylacctyl- 
5 6 c}cIopeutameth}Iene biuret to have h}pnotic properties and low toxicit} 

‘ ^ 1} us^ hjpnotics, it vvas pre- 

potenc} was tested in mbred 
)dium barbital following the 
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technique of Emerson and Abreu (Univ. Calif. PubL Pharmacol., 1: 93, 
1938). The results are summarized in table 1. 


TABLE 1 


1 

BTPNOnC ' 

DOBE 

i 

MOKTAHTTl 
BATIO* : 

NABCOSta 

Ooset 

Duratxoa 

Paraldehyde 

msmjksm, 

800 

1600 

0/20 

8/20 

minutts 

3.6 ±0.6 

1 ±0 1 

minulrtf 

44± 5 
195 ± 13 

1 - diethylacetyl -5,5- 
cyclopentamethyl- 
en^ biuret 

450 

600 (single) 

600 (divided) 

1/20 

4/10 

0/10 


159 ± 17 
169 ± 15 

Sodium barbital 

300 

400 (single) 
i 400 (divided) 

0/20 

0/10 

1/10 

40 ±3 

} 16 ±2 

202 =hl8 

526 rir 38 


* During 24 hours, 
t During 12 hours. 


Under the conditions of this experiment the biuret produced narcosis 
more rapidly than barbital and less promptly than paraldehyde. The dura- 
tion of narcosis was between that of paraldehyde and sodium barbital at lower 
dose levels. At higher dosage, in single or divided amounts, given in 2 
hours, the period of narcosis was signihcantly shorter than that of sodium 
barbital. 

The Effect of Hydro-alcoholic Solxdions of Pyreihrum on Drosophila Flics. 

Yin-chVng Chin (Introduced by Hamilton H. Anderson), Peiping Union 

Medical College. 

Patterson (Ann. Kept. Entomol. Soc. Ontario, 65: 78, 1934) has used 
Drosophila ampelophila Loew to test the toxicity of poisonous baits, and 
I^Iaxwell and Lord (Ann. Kept. Entomol. Soc. Ontario, 68: 33, 1937) employed 
Drosophila flies to test the efficacy of nicotine. In the present study Dro- 
sophila melanogaslcr has been used for testing the insecticidal potency of hy- 
dro-alcoholic solutions of pyre thrum as a standard for comparison with 
other contact insecticides now being prepared. 

Ten grams of powdered pyrethrum flowers was macerated with 95 per cent 
ethyl alcohol for 3 days and percolated until the solvent was colorless. The 
extract ivas diluted to a volume of 50 cc. and for spraying further dilutions 
were made with distilled w’ater. 

TOld-type fruit flies w’ere bred according to the method of Li (Peking Nat. 
Hist. Bull., 5: 29, Pt. 4, 1931) in an incubator at 26°C., and w^ere used dur- 
ing the first five days after hatching. 

The method of Feet (Ind. Eng. Chem., 20: 1164, 1928) for evaluating con- 
tact insecticides was adopted, using a .smaller cage, a temperature of 27‘^C., 
a spray pressure of 120 mm. Hg and an exposure time of 10 minutes. Under 
such conditions a dilution of 2.5 per cent of pyrethrum powder ivas found 
to be the smallest concentration sufficient to kill 95 per cent of the flies. A 
similar concentration of alcohol was not effective. 
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The Acute Effects of Aniline on Circulation and Blood of Dogs Byron B 
CuvRK AND (b\ imitation) E J Van Loon and R W Morrissei, 
Albam Medical College 

The acute efifeets of aniline on respiration, blood pressure heart rate, and 
electrocardiogram lAcre determined and correlated with the changes in hemo- 
globin pigments (Cveljn method) 

With continuous intraA enous injection of 2 per cent aniline in saline to dogs 
anesthetized wath pentobarbital, the lethal dose was between 500 and 600 
mgm per kgm (range 400 to 1052) Initiallj the heart rate, blood pressure, 
and respiration increased The hjperpnea continued until sudden respira- 
torj failure After 300 mgm per kgm of aniline the heart rate slowly 
decreased and blood pressure fell progressi\ el j The methcmoglobm in- 
creased to a maximum of 60 to 70 per cent of total hemoglobin Prior to 
death the most consistent electrocardiographic change was n progressne 
decrease m the height of R which became marked after the maximal nse in 
methcmoglobm , T w a\ e and ST segment changes appeared irregularh , no 
PR or QRS prolongation occurred, the ihvthm was of sinus ongin except in 
one experiment where a transitorv bigcminj dei eloped At death, respira- 
tion usuallj' stopped first wnth a blood pressure of 25 to 80 mm , and the 
heart show ed gross arrhythmias 

The effects of single doses, and the relation of dosage and tune to methemo- 
globin formation will be discussed 

These experiments suggest that the seiere hemic hypoxia is a major factor 
in the production of the respiratory, and cardio-circulatory changes 

The Similarity tn Baste Functions of Various Bismuth Compounds Used in the 
Therapy of Syphilis N M Clausen and B J Longlea (by invitation) 
AND A L Tatum, Umiersity of Wisconsin 

WTien the maximal tolerated dose (M T D ) determined by the in- 
travenous route was found to be almost the same for bismuth sodium tartrate, 
bismuth citrate, bismuth ethj 1 camphorate, lodobismitol and thiobismol, it 
was decided to try to determme the minimal curatiic dose (MOD) for 
each compound by the same route in rabbit sjphilis Our purpose m usmg 
this route of administration is to abolish the obMous factors of absoiption, 
thus puttmg the compounds on a more common basis for comparison Using 
the usual method of popliteal Ijmph node transfer as the entenon of cure, 
four out of four compounds tried were curative when fractions of the M T D 
were giv cn m three weekly intrav enous admmistrations, each givmg a M C D 
m the neighborhood of one or two milligrams per kilogram ^Vhen the 
therapeutic indices are calculated from these data each of the compounds 
appears to have an index betw een one and three Hence methods have been 
pre‘'ented which have better enabled us to compare the toxicity and thera- 
peutic efficiencj of various bismuth compounds on a more common basis 
than has been accomplished heretofore From the data presented further 
evidence has been dev eloped to support the contention that the various bis 
muth compounds ultimately act m a common manner 

Sueat Responses to Drugs mth a Nicotine like Action Julius M Coon 
AND Stephen Rothman (introduced by E M K Gelling), University of 
Chicago 
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Intradermal injection of high dilutions of drugs with a nicotine-like action 
caused an outbreak of sweat on the human skin in an area about 3 cm. in 
diameter around the wheal. A similar response was seen on the foot pad of 
the cat’s paw when these drugs w^re injected into the pad. The optimum 
concentration of acetylcholine hydrobromide was 1:40,000; of nicotine sul- 
phate, 1:200,000; and of alphadobeline hydrochloride, 1:2,000,000. The 
reaction was demonstrated to be an axon reflex by the criteria ordinarily 
accepted as proof for this phenomenon. 

Intradermal acetylcholine was seen to produce sweating in two ways: 
(1) by its nicotine-liko action and (2) by its direct muscarine-like action. 
These two reactions could easily be distinguished by the difference in onset, 
extent, and the concentrations of acetylcholine which produced the optimum 
response. 

The axon reflex response to these drugs was totally abolished by mixing the 
nicotine sulphate solution, before injection, with a procaine solution as dilute 
as 1 : 100,000. This indicates that the nerve fibers responsible for the axon 
reflex are far more sensitive to procaine than are the sensory nerves. 

Nicotine alkaloid, applied topically to the skin of man, causes a sweat 
response to appear in about ten minutes in the area penetrated by the drug. 

A Comparison of Blood Pressure Effects and Toxicity of Ephedrine and 

Racephedrine, Elizabeth M. Cranston (Introduced by Raymond N. 

Bieter), University of Minnesota Medical School. 

Due to disagreement in the literature concerning the relative toxicity and 
action of ephedrine and racephedrine, a study was conducted to compare 
the action of the two drugs, 1) on blood pressure in rabbits anesthetized with 
sodium phenobarbital, 2) on maintenance of blood pressure follonang pro- 
caine spinal anesthesia in rabbits and 3) on toxicity in normal rabbits. 

In barbitalized rabbits, ephedrine intravenously in doses of 2-10 mgm./ 
kgra. produced a greater rise in blood pressure than racephedrine in equal 
doses, but the toxicity was the same, early toxic symptoms appearing with 
20 mgm./kgm,, and 60 mgm./kgm. killing 4 out of 5 animals with either 
drug. Only one dose was injected per animal. 

In the spinal anesthesia experiments, 40 mgm./kgm. racephedrine intrave- 
nousl}" was required to maintain the blood pressure above 100 mm. of Hg 
as compared to only 10 mgm./kgm. ephedrine. However, 40 mgm./kgm. 
racephedrine completely prevented any initial fall in blood pressure follow- 
ing spinal anesthesia, whereas in the case of ephedrine 30 mgm./kgm. was 
needed to prevent a fall. 

The L.D .50 as determined intravenously in 83 normal rabbits was 60-70 
mgm./kgm. for ephedrine and 90 mgm./kgm. for racephedrine. 

The Pharmacology of Certain Derivatives of Phenyl Triazole Carboxylic Acid, 

Raymond W. Cunningham (by invitation), Edwin J. Fellows and A. E. 

Livingston, Temple University, School of Medicine. 

A scries of 1-phenyl, 1,2,3-triazole 4-carboxylic acid derivatives has been 
made available to us for pharmacological study. A stimulant or convulsant 
action has been reported for certain other compounds containing the triazo 
group, but subcutaneous injection of large doses of the more soluble members 
of the present series failed to produce convulsions in rats. Oral administra- 
tion of the triazolc compounds to rats lowered normal temperature as much as 
7®F. In view of this fact comparisons with aminopyrinc were made \rith 
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tlicac compouiuU in noimal and fcbnlt rat*. Ijtihznig a tctiunque similnr 
to that cmploNod b\ l\idj it was found tliat as much us a four fold incieisc 
in pam simuilus was nccessavN to tiuit a losponsc \n oats ^ftcsr tlu trnzolc 
compounds Comparisons of the annlgcsio action of the tnazolc compounds 
and aminopMine also were made in these amm iK 

Vtoform N ^ R and '^Diodoqutn' Animal lonciiy and Iodine Absorption 
tn Man Noiniw A Dwin \nd {b\ in\itation) ^ilkamii Piivtak v\d 
r li XiNFR Unwor'ilN of Oregon Medical School 
Prceious Studies (Unucrsitj of California 1930 32) and recent woik show 
that lodochlorln dro\j qumohiK (\iofoim\\K) has a definite to\icitj 
regularh killing 7 out of 10 guinea pigs gi\cn single oial doses of 200 mg /kg 
and a majoiit\ of the animals when gii en in doses o\ er 300 mg /kg Dnodo 
hjdrowqumolme liowecer, appi irs to ha\c no definite L D 50 since small 
doscs (50 100 mg /kg ) kill as main guinea pigs as large do es (2000 mg /kg ) 
Similar lesults were noted when the two dings were gnen to d 5 months old 
kittens This irrcgulantj in to\icite with ‘diodoqum ’ is possiblj due to its 
relalne insolubihte and to inconstant ah orplion be the mimal 

Isine male medical students gnen 0 25 giam capsules of Mofomi tid 
for 10 dajs (total amount — 7 5 grams) showed ineicascs in blood lodmc \nre~ 
ing from 145 to 327 y per cent with an aeerage increase of 223 ^ per cent 
“Diodoqum * gnen in a dosage of 0 21 grams (1 tablet) 1 1 d for 10 dajs to 
10 mdniduals (total amount — 6 3 gums) showed blood iodine increases 
ranging from 15 6 to 437 j per cent with an a^oragc increase of 172 a per 
cent Our tOMCitj results and studies on blood iodine contiadiet the manu- 
facturer s claim for “diodoqum ’ that “ c\cn with cnonnous dosage, no 
absorption takes place “ 

Correlation of the Structure of the Cardiac Glyco’tidcs uiih I heir Action on the 
Embryo Chick Heart Authur C DeGicvff and (b^ invitation) CSeoiige 
H Paff and lloiiERT A Lehman "New A oik Umversitv College of Medi 
Cine and I ong Island College of Medicine 
The influence of the chemical stiucture of caidiac glycosides and gcnins 
on their pharmacological action has been studied and tentative conclusions 
have been drawn as to the impoitancc of various configuiations The em- 
bryo cluck heart has been found suitable for this study since fewer vaiiablcs 
arc operativ e than m other methods of bio assay T he procedure and the 

qualitative effects have been previously described In this investigation 
dosage response curves were obtained for K stiophanthosidc, lanatosides 
A, B, and C convallatovm and oleandim and their hydrolysis products, 
mal mg a total of 15 pure cry stallme drugs Except at the uppei limits of 
concentration, log dose was found to be a linear function of log reciprocal 
time and the methods of Bliss and co workers wcic used for determining the 
most probable v alue for the relatu c potency of each of the diugs w ith respect 
to digitoxm In general, the progcnins which are gemns conjugated with 
desovy bugars were found to be many times as potent as the gemns and 
slightly inoit potent than the coire&pondmg “genuine’ glycosides which 
contain glucose in addition to the desoxy sugars Furthermore it was found 
that the nature and position of the substituent groups on the steroid nucleus 
IS of considerable importance m determining actu ity whereas the nature of 
the desovy sugar conjugated with the progcnins seems not to be of significance 
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8odiu7n Citrate as a Protective Agent Agattist Injury hy a Heavy MetaL G. L. 
Donnelly and R. L. Holman, (introduced by W. doB. MacNider), Uni- 
versity of Xortli Carolina. 

Twelve dogs were given subcutaneous injections of 5.0 mg. of uranium 
nitrate per kilo. Between the sixth and tenth days all animals became 
acutely ill, and eleven of these died in the acute stage, while one survived. 

Another group of ten dogs was given dail}’* intravenous injections of tri- 
sodium citrate, 0.33 cc. per kilo of a saturated solution, for five consecutive 
days. On the fifth day each animal received subcutaneously 5 mg. of uranium 
nitrate per kilo. The trisodium citrate was continued for five additional 
days. In this group the clinical evidence of acute illness was either mild or 
absent. Nine of the ten animals lived, making a survival rate of 90 per cent 
as compared to the survival rate of 8 per cent in the control group. 

The mode of action of trisodium citrate is not known. Whether it is due 
to the influence of the substance in the maintenance of the alkaline reserve 
of the bod 3 % or v’hether it is due to one or both ions, or to a combination of 
both factors remains to be determined by studies now in progress. 

Effects of Irritation of the llfper Airway on Spleen Volume. M. S. Dooley, 
Syracuse University. 

It ^Yill be shown that, in most instances, constriction of the spleen occurs 
on irritation of the upper airway, whereas, as was shown by Dooley and 
Wells in 1929, the kidney invariably constricts. Variations from this usual 
re.sponse seem to depend upon the intricate innervation of the spleen. Other 
modifications of this response arise from dmgs acting on the spleen (lantern 
slides). 

The Determination of the pH of the Skin of Man and Common Laboratory 
Animal. John H. Draize, Food and Drug Administration, Federal 
Security Agenej^ Washington, D. C. 

Variations of the pH of human skin in health and disease, and their possible 
significance on the skin absorption of remedial or other agents warrant study. 
By use of a glass electrode and a vacuum tube potentiometer, determinations 
of the pH of skin were made on man (white and colored) and the monkey, 
dog, cat, rabbit, guinea pig and rat. Whenever possible, the animal subjects 
were divided equally as to sex and age groups. In man, determinations were 
made on the skin surfaces of the back of the hand, inner aspect of the forearm, 
antecubital fossa, inner aspect of the upper arm, axilla, cheek, and forehead. 
Exclusive of the pH values for the axilla, the following results were obtained: 


NnuBcn OF 
eUBJECTB 

1 

Race 

BEX 

AQE RAIiaE 

1 

VARIATION*! IN 
pH VAEUES 

AVERAOE 
pH VAEUE 

52 

White 

Male 

21-5S 

4.0-6. 2 

4.5 

50 

White 

Female 

27-60 

4. 7^5. 7 

5.4 

25 

Negro 

Male 

26-59 

4.3-G.7 

I 5.0 


The a.xilla readings varied from 5.1 to 7.6. In the female subjects there 
seemed to be no correlation between pH values of the skin and the stage of 
^hc menstrual cycle; however, in post menopause (7 subjects) the values were 
jOwer than for the general female average. 
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AH laboratory ammal>» the exception of certain age gioii])«5 of guuua 
plg^ were Uiglur m xaluc than that of the human range, c g , 


amual 

Mcusen OP 

6V Piters 

wtMprn opAOB GRoerP 

' AVERAOt pII 

or AKIN 

Monlvey 

3 


1 6 3 G S 

Dor 

34 i 

C 

[ 7 17 9 

Dor (m cstrus) 

C 

- 

7 2 8 2 

Cat 

27 

3 

1 6 0 7 4 

Rftljbit 1 

20 


i C 1 7 5 

Rabbit ! 

5 1 

(G mo of age) 

G 4-G 8 

Guinea pig 

67 

9 

i 5 0-0 0 

Rat 

CQ 

13 

0 0 7 0 


The effect on the pll of tlu •^kin of inunctions with the following ointments 
were studied 3-25 per cent ammonmted intnun, 2 20 per cent ’>nUcyliL 
acid, 5 per cent sodium hydroxide and 15 per cent lactic acid All ointments, 
excepting the lactic acid, can‘'cd a use in the pll \ shies of tlie skin lionerci 
the sihcyhc acid caused a momentar\ drop befoic it ro-^c ibo\c the normal 
lc\cl 

A PkarmacoJogtc and 1 oxicnlogic Study of Manmtol and SorhUol FnED W 
Ellis C Jllllff Cxnn Xlnivcrsiti of Maryland, School of Medicine 
In experiments on the Rhesus monkey the feeding of 3 grams per d ly of the 
sugar alcohols mannitol and sorbitol oxer a period of three months produced 
no histopathological findings or toxicological indications The blood «ugar 
le\el did not change significantly and the blood urea nitrogen was not in- 
fluenced In mice and rats the laxatn e action of thc^c sugar alcohols limits 
nutritional studies when the compounds comprise a portion of the diet It 
has been shown pievioiisR that when mannitol or soibitol is administered 
by stomach tube to the rat only a small portion of the compound is utilized 
to form lixci glycogen In the Rhesus monkc\ mannitol and sorbitol are 
capable of storage as glycogen m the lixcr of the fasting animal In man 
the admmistratiou of 10 grams pci dax for thirty daxs ^irodurcd no s\g 
mficant change in the non protein nitrogen or CO 2 combining powci of the 
blood or red blood cell count The phcnobulphonphthalom lest indie ittd 
no kidney damage J^Iannitol or sorbitol were not excreted m the urine 
when fed m this quantity In normal humans sorbitol causes a rise in the 
R Q comparable to that obsc^^ed aftci the administration of an equal qiian- 
lit\ of glucose while the blood sugar lex el remains practically normal 

The incsihctic Acfmn of Methyl Allyl Lthcr and n Propyl Ethyl Ether 
^^lLLIXxl r EViX^s, Ju Unuersity of Maryland 
Ant^thcsia was produced m dogs by both methyl allyl ether and n piopyl 
ethvl cthoi but was accompanied by undesirable side actions in each case 
Methyl allyl ether was extremely iiritating to the mucous membranes 
It failed to cause complete relaxation of the musculatuic of the abdomen and 
the extremities during surgical anesthesia Theie occurred a piogrcsMxe 
fall of blood piessure with the depth of anesthesia 
n propyl ethyl ethei w^s a moie powerful anesthetic than diethyl ether 
Although the blood prcssuic was only slightly lowcicd dm mg surgical anes- 
thesia the respiration was scxcrcK depressed both in rate and xohirac 
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A Eocntgenkymographic Shidij of the Effect of Intravenous Lanatosidc C Upon 
(he Diastolic VoUmc a?id Stroke Output on the Failhig Heart. George 
Fahr axd John' S. La Due (by invitation), Univci'sity of Minnesota. 

The intravenous administration of lanatosidc C to ten patients with severe 
heart failure associated with normal sinus rhythm resulted in a prompt in- 
crease in the stroke volume of the heart. Control teleoroentgenk\^mogramsj 
blood pressure and circulation time measurements were made at the start of 
the expenment. Then 1.6 mg. of lanatoside C (a ciA’stallinc cardiac gb’^coside 
of Digitalis Ian at a) were given intravenously and all measurements repeated 
thirty, sixty and one hundred and twenty minutes after administration 
of the drug. 

All patients showed optimal improvement after thirty to sixty minutes; 
the ti'ansverse diameters of the hearts were 0.5 to 2 cm. smaller than at the 
beginning of the experiment; the stroke output, as measured b 3 ’’ s^^stolic and 
diasolic volume differences, increased 10 to 40 per cent within the same period 
of time. With but one exception, the elevated stroke output was accompanied 
by a pai*allel increase in pulse pressure and a decrease in circulation time. 

The Local Anesthetic Activity of Three New Biphenyl Derivatives. Edw'IN J. 
Fellows, Temple University, School of Medicine. 

In the present experiments the hydrochlorides of ^-diethjdaminoethjd- 
4-amino-4'-biphenylcarbox3date (compound Y), di(^-diethylaminoeth3d)-2- 
2'-diaminO“5-5'-biphenylcarboxylate (compound ^T) and di-Cjd-dieth^damino- 
ethyl)-5-5'-diamino-diphenate (compound YII) were found to exhibit marked 
local anesthetic properties. Intradermalty in guinea-pigs all of the biphenjd 
compounds mthout epinephrine were found to produce anesthesia of longer 
duration than the hydrochloride of p-aniinobenzojd diethylamino-ethanol 
(procaine) under the same conditions. Compound VII is non-irritating and 
produces anesthesia nyithout epinephrine after intradermal injection for longer 
periods of time than procaine with epinephrine and is more toxic than procaine. 
All of the biphen^'l compounds produce anesthesia of rabbit cornea. In 
addition to comparing the acti\ity' of the biphemd compounds vdth procaine 
and cocaine In'drochlorides the effect of position substitution on local anes- 
thetic acti^^t 3 ' has been noted and compared with related derivatives. 

The Pharmacology of Piperidine and Morpholine Derivatives of a and ^-Naph- 
thol. Envas J. Fellows, Raymoxu Cunningham (by invitation) 
AND A. E. Livingston, Temple University' School of ^Medicine. 

In the present studies the hj'drochlorides of a-morpholino methyl-p- 
naphthol (I), a-piperidino methyl-/5-naphthoI (II), /S-piperidino methyd 
a-naphthyl p-aminobenzoate (III), /3-morpholino methyd a-naphthyl p- 
aminob^nzoate (IV), a-morpholino methyl ^-naphthjd p-ammobenzoate 
(N), a-piperidino-methyl j3-naphthyl benzoate (^T) and a-piperidino methyl- 
^-naphthyl p-amino-benzoate (VII) were found to produce local anesthesia. 
Compounds I and II produce marked anesth^ia but cause irritation and 
are more toxic than procaine subcutaneously in guinea pigs. Compounds 
III, IV and V are ver>’ unstable in solution and produce anesthesia of poor 
depth and variable duration. Compound VI is stable in solution and pro- 

1 We arc indebted to Dr, Anccl Ke3's for the use of a roentgenkymograph in the Labora- 
torv' of Physical Hj'gienc and for the determination of the systolic and diastolic outline 
of the hearts and the stroke outputs as calculated by his formula. 
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duces definite nncsthc?ia uliich is ])otentiatc<I by ejiincplirine inlradermally 
in Ruinca pips. It is n more netivc anesthetic tlinn the hydrocldoiido of 
p-amiiu)benzoyl-diethyl-aminO'etlmnol (procaine), is al'^o less to\ic than 
the latter after subrnt ancons injection in the guinea pig and it prtKuiccs 
irritation. Compound is tlu* most active of all the eomjiound.s. Its 
intradeimal anesthetic activity is ten time> greater than that of proenine, 
it is appioximatcly ono-lliird as toxic subcutaneously in guinea [ligs and pro- 
duces iriitatiou. In onc-per cent solution Vll produces anesthesia of rabbit 
cornea of approximately the same duration as one jier cent cocaine hydro- 
chloride. 

The Chronic I'ozicUy of Cadmiiinu 0. Garth Fitziiugii and Fred II. 

Meiller (by invitation), Food and Unig Administration, Federal Security 

Agency. 

Recently DeFds and ns<?ociatc.s (Science 90, 49S, 1939; .1. Pharmacol, and 
Exper. Tlierap., in press) have reporterl experiments on the toxicity of cad- 
mium. tVe liave conducted similar experiments for a longer pen'od of time 
and have studied tlic effects of different diets on the toxicity of cadmium. 
AU/mo i-ats at the age of tlirco weeks were placed on diets containing cadmium 
(cadmium chloride) in concentrations of 15, 45, 75, and 135 p.p.m. AH of 
the animals that now survive have been on tlicir diets for at least six months. 
Four hundred animals were u-cd in the cxpcrimeiilal and control groups. 

Tlicre was evidence of the toxicity of cadmium at concentrations of 45, 
75, and 135 p.p.m. In animals on 135 p.p.m. marked anemia, and in many 
instances, early death occurred. These animals were stunted in growth, 
hemoglobin levels were as low as 4 grams, and the erythrocyte counts were 
as low as two million. From 40 to 50 per cent of the red cells were reticulo- 
cytes. Anemia developed later in the rats on the lower concentrations of 
cadmium. Some animals on 45 p.p.m. of cadmium showed no blood changes 
after one year, while only one animal on 15 p.p.m. of cadmium lias had marked 
anemia. Bleaching of tlie incisor teeth was obsoiA’cd in all animals, with 
the possible exception of some animals on 15 p.p.m. 

The toxicity of cadmium was increased by low protein diets. 


The Elimination of Prosligmine. Dale G. Friend (by invitation) and 
Otto Krayer, Harv'ard Medical School. 

The inhibition of the choUnestcrasc activity of the serum was used as an 
indicator for the presence of prostigminc. Determinations wxtc made bv a 
manometric method^ using the procedure of Van Slyke and Neill. * ‘ 

.tVftcr a single intravenou.s dose of 0.25 mgm. of prostigminc mctliylsulfatc 
to dogs of 10-15 kgm., the maximum inhibition of cholinesterase in the scrum 
was reached within a few minutes. In 7 animals it took betw'cen 4J-9 hours 
or an average of 7 hours, for the activity of cholinesterase to return to the 
normal level. 


The following factors have been shown to influence the cholinesterase 
activity of the serum: 

1. The disinhution of prostigminc. Immediately after the injection, nro- 
sh^inc begins to exert its inhibitory effect upon the cholinesterase bevond 
th?t system For example, it has been shown 

that samples of thoracic lymph collected within 20 minutes after the intra- 


» Friend, D. G. and Krayer, 0.; J. PJiarmacoI. and E.xper. Therap. (in press). 
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venous injection of prostigmine to dogs alreadj" showed the maximum inhibi- 
tion of l 3 ^rnph cholinesterase. During the period of distribution, the curve 
of the cholinesterase activity" in the serum shows an initial steep return toward 
the normal level. 

2. The deslruciion of 'prosligmine. About one-half hour after the injection, 
the increase in cholinesterase activit}" in serum begins to proceed much more 
slowly". Some of the destruction of prostigmine takes place in the scrum. 
This can be demonstrated in vitro. 30 cc. of blood were removed under sterile 
precautions from 4 dogs 30 minutes after 0.25 mgm. of prostigmine methjd- 
suJfate was administered intravenousij^ The serum ^vas collected and in- 
cubated under sterile conditions at 38®C. The enzA'me activity'” returned 
to a normal value in the serum in vitro during a period of 12-16 hours, while 
the average time for the recover}^ of the cholinesterase activit}’’ of the same 
serum in vivo was 7 hours. The increase in cholinesterase activity in the 
serum in vitro was a linear function of time. 

3. 7^he removal of prostigmine by the kidney. The kidne^^s were ligated in 
4 dogs under ether anesthesia and the animals allowed to recover. After 
the intravenous injection of 0.25 mgm. of prostigmine methylsulfatc into 
such animals the recover}^ of the cholinesterase acti^dt^’’ of the serum does 
not show a distinct difference from the recoveiy of the cholinesterase activit}^ 
of the serum in vitro removed from the animals 30 minutes after the injec- 
tion. This indicates that a large part of the recoveiy of cholinesterase ac- 
tivity in vivo is probably" due to the removal of prostigmine by the activity 
of the kidney". 

^ Yohimbine and the estrous ajcle in rats. N. W. Fuco (bj" invitation) and 
^ > E. G. Gross, State University" of Iowa. 

^ * A series of experiments have been undertaken in this laboratory^ in view 
of studying drug effects upon the various endocrine sy^stems. The scope of 
this report is concerned with the action of Yohimbine HCl on the estrous 
cy^cle of rats. The sex cy"cle of y"oung rats (25-30 day^s of age) was followed by" 
means of the vaginal smear technique. Experimental animals receiving 
suitable daily" doses for several months showed periods of constant estrous 
of from three to nine days duration. There were also marked changes in 
sexual behavior, females acting as males. However, reproduction at the 
lower dosage is apparently" unaffected, since litters of normal size, and sex 
ratio are obtained from treated animals. Castrates treated with Yohimbine 
.show neither estrous cy"cle or sexual behavior. There were no toxic symptoms 
developed even after the prolonged administration of the drug with the 
range of dosage used. The experimental animals showed normal body" size, 
weight and appetite. 

It is believed that the action of Yohimbine is related to the sex endocrines. 

Toxicological Studies on Am7noniatcd Mercury. 0. S. Ginns -\xd (by invita- 
tion) H. Pond and G. A. Hansm.a.nn, University of Tennessee and Columbia 

Hospital. 

Studies have been conducted on animals and man to dctei-mine whether 
the ordinary use of ammoniated mercury is practically dangerous. We made 
over 20,000 applications to cats, dogs, rabbits, rats and humans: the latter 
for one month only; the animals for periods up to one year. Our analy"tical 
plant with a capacity of 100 analyses per week carried out over 2000 estima- 
tions for this study. Pathological studies were made by Hansmann to 
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whom, in order to nvoid post-mortem change^?, animals were shipped alive, 
the tissues necessary for analysis being returned. 

Results. 

1. Nearly all common foods contain mercury. This variCvS from 0.1-6.0 
gamma per 100 grams (or cc.). 

2. From estimations of food and total excreta content, in the order of 20 
gamma mercury per day is ingested by man. 

3. Much larger amounts can be accidentally ingested. 

4. The irige.stion of traces of mercury and tlicir presence in the excreta, 
have no toxicological significance. 

5. One gram of 10 per cent ammoniated mcrcurj* ointment applied daily 
to man for one month, caii'^c.s a total increase of 0.5 mg. mercury in the ex- 
creta for that period. 

6. Erj'thrematoiis doses of quartz-light do not increase the nb.sorption. 

7. Transient .skin rashes (average duration 2.2 daj’s) often appear in the 
human onbq especially in hot, sweaty weather. They may be reproduced 
by the base alone. 

8. All animal tissues including cat, dog, rabbit, rat, cow, pork, fish, frog, 
foetus (rat and cat), new bom (cat and human) contain mercury. 

9. The distribution is irregular. Kidney, liver and gut usually highe.sl; 
spleen, skin, lungs next; brain and bone lowest. 

10. The equivalent of 5 mgs. per day per man given to animals caused no 
pathological lesions. The figure necessary to cause these was not established. 

11. Mercury does not form dangerous storage pools in the tissues. 

12. It is excreted by urine, gut and skin. This latter is a new finding. 

13. The danger of chronic poisoning from insoluble mercury compounds 
has been overe.stimated. It depends not only on the amount of ingestion, 
but also importantly on the state of the animal. 

Are the Results of Ike U.S P. Frog Method for the Assay of Digitalis Applicable 

to Man? Harry Gold, McKeen C.aitell and (by invitation) Natiuniel 

T. Kwjt and Milton Kil^mer, Cornell University Medical College. 

The answer is* No. Prior to any official method of assay, specimens of 
digitalis on the American market were reported to vaiy in potency by as much 
as about 300 per cent. Evidence has been adduced indicating that the 
intensive work on the assay of digitalis during the past 35 years has not 
improved that situation .sufficiently, and preparations of outstanding tinctures 
of digitalis at the present time vary by nearly 300 per cent when assayed by 
the cat method, although they are all labeled U.S.P. XI. The cat and the 
frog methods do not necessarily yield comparable values. Which values are 
applicable to humans has never been satisfactorily determined. In the 
present study, results by the two methods have been applied to tests on 
humans with auricular fibrillation and regular sinus rhythm by a technique 
in which comparisons arc carried out on one and the same subject. These 
experiments show that animal assaj’ values are misleading, that assays with 
the U.S.P. frog method are not applicable to humans, that assays with the 
cat method give results that arc more nearly applicable to man in the case of 
digitalis leaf. The results also indicate that neither overcomes all the ob- 
stacles to uniformity among digitalis preparations and that a final evaluation 
of the potency of a preparation of digitalis must be based on determinations 
on man directly. 
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Effect of Dilantin on Meirazol Convulsions. Louis Goodman a^:d Bjdnx Lm 
(by invitation), Yale University School of Medicine. 

The effect of sodium diphenyl hydantoinate on metrazol-indiiced con- 
mlsions in mice and rats has been studied. IMetrazol, So mgm./kg., injected 
subcutaneously produced characteristic convulsions in 124 of 129 mice (CDgs), 
caused severe seizures in 64 per cent and death in 44 per cent. Dilantin^ 20 
to 30 mgm./kg., was administered in aqueous solution per os to 01 mice twice 
dail}" for 4 to 7 days. When the CD 95 of metrazol was injected within 24 
Iiours after the last dose of diiantin, oni}" 24 per cent showed typical convul- 
sions, 13 per cent had severe convulsions, and 9 per cent died. Best protec- 
tion was obtained when 30 mgm./kg. of dilantin were given twice daily and 
metrazol injected within 8 horn's after the last dose, — typical convulsions 
‘ ■ ■ ' " »er cent and no deatlis oc curling. Single large doses of 
parenterallj' were not protective and appeared to act 
synergist ically with metrazol to produce severe convulsions lasting many 
hours. In ail, 3o0 mice were employed. Preliminary results in 100 rats 
indicate that metrazohinduced convulsions in this species may also be favor- 
ably modified by chronic dilantin medication. EIcctroencejdialographic 
studies are contemplated further to elucidate the inhibitory action of dilantin 
on dmg-induced convulsions. 

Further Studies on the Mcchanisiyi of the Vasoynoior ReversoL Melvi^c W. 
Green (introduced by Theodore Koppanyi), Georgetown University, 
School of Medicine. 

The following facts have been ascertained concerning the vasomotor re- 
versal of epinephrine following ergotamine: (1) The observations of Henvick, 
Koppanj'i and Linegar concerning the role of anesthesia in vasomotor reversal 
have been confirmed. Under nembutal anesthesia there is no vasomotor 
reversal; on the contrary, ergotamine here acts as cocaine or ephedrine, 
potentiating the epinephrine pressor effect often in height, and alwa^'s in 
duration. (2) In animals under urethane anesthesia, the vasomotor re- 
versal obtained follo^^*ing ergotamine administration can be diminished, 
abolished or converted into a pressor effect by gradually' increasing doses of 
atropine. The larger the dose of epinephrine, the more atropine is required 
to abolish the reversal. (3) In analyzing the vasomotor reversal the height 
of blood pressure must be taken into account. The same dose of epinephrine 
in border-line cases produces a reversal from high levels, but a diminished 
reversal or a pure rise from lower levels. (4) Ephedrine in appropriate doses 
may potentiate the reversahp reducing effect of ergotamine. The conclusion 
of Koppanyi and associates that the vasomotor reversal is not entirely or even 
chiefly due to a sympatholytic action of ergot alkaloids is upheld by these 
experiments. 

The Effect of Barbituric and Thiobarhituric Acid Derivatives on the Pyloric 
Sphincter and Stomach in Vnanesihciized Dogs. Charles jM. Gruber and 
Charles M. Gruber, Jr. (by invitation), Jefferson Medical College. 

The actions of many of the barbiturates and thiobarbiturates on excised 
segments of small intestine, intact stomach, small intestine and colon have 
been thoroughly investigated. As far as wc have been able to determine, 
no one has studied the effects of these drugs upon the pyloric sphincter. 
Ohmsted and (^irogossintz in 1929 studied the effect of amytal anesthesia on 
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glucose tolerance m dogs Anulal t!it\ ))clic\cd, ( UFtd a pmlongcd con 
tiactiou of the pjlone sphincter and in this manner prc\cntid tlie pi^-^agt of 
gluco<!C from the stomach into the lntc‘^tlnc thus dclaMPg ab^orplmn of 

th^ sugar ^ ^ to delcrmmcif the«cdaig> have no action 

om tiiLir effect'^ on other portions of the 
tiL thiobarbiturutes and some of tiie Ics*^ 
studied barbiturates on the stomach ^\crc ibo iiuotigattd 

Si\ trained dogs 'iMth permanent bstulac of the stomadi and duodenum 
were used A Inllooii wius placed m the stomach and another m the pjlonc 
sphincter for recording tlicir contractions and gential tonus Sodium ann tal 
^\as mjecloti 17 time'-, sodmm pentobarbital U times and sodmm ewpal and 
ortal sodium 8 times eacli Sodium thiopcntobaibit il and sodium tlno 
ethamvl were injected 15 and 8 times rospcctivcb 

With the use of the barbiturates, the actiiitj of the pjlonc sphincter was 
cithei complctcl) inhibited oi the contractions avere deerc ised in force in 
ever) experiment The duration of decreased ncti\il>, 27 to 1C5 mimilcs, 
depended upon whicli dnig was used, the amount mjectcxl and on the animal 
emploxed Often as the animal icco\cred from the nnesthctic effect of the 
drug it became aen excited and abdominal contractions resulting from this 
excitement made it impossible to dcttimine the absolute rct.o\crx time in 
man\ of these exponmonts Deere asctl general tonus and niuscul ir actuil) 
of the stomach was noted in all of tlic experiments w ith the use of barhitm-ates 
The time ncccssarj for rLCO\cn ^aucd from 38 to 198 minutes 
The results with the use of the thiobarbituratcs were a inablc In somi 
experiments the general tonus of the stomach and p>lonc sphincter increased, 
m othere the^ were decreased The height of the contractions of both nas 
always tcmporanlj deci eased and in some experiments the\ were complclcl) 
inhibited Tiie time reamr^^d foi the icco\cry of tlic organs \ancd fiom 10 
to 293 minutes 


N^AUyl Norcodetne and N-Allyl Nonnorphme, Tuo Anlagonish to Morf)htnc 
E Rosa Hart (^introduced b\ C M GrubcT") Jefferson ^iledicaV College 
andUnnersitj of California 

In 1915 Pohl reported a stiidj on Js alljl noicodeinc He found that 
this compound, while almost macti\c when guen alone would mtagonizc 
the respirator) depression of morphine whetlicr gi\tn before or after the 
moiphme These obsen ations appear to hav c been neglected by subscciiient 
workers Our expenments on rabbits show that this antagonism is \ did 
Ho\\e\er» contrary to Pohl, the nllyl compound stimulates respiration when 
gixen alone Intravenous administration of A all)! norcodeme wall antag* 
omzc the respiratory effects of about twace the quantit) of moepUme similarly 
administered Our experiments seem to indicate that the all\ 1 compound w ill 
modif) some othci effects of moiphme 
N ally! nojTOotphme syntliobizcd by Ilirt, MtCaalcj wd Mar^li 
It ttas ho^d that this drug might retain some of the analgabir and nnwtic 
potency of morphine and itill posioss some of tlic cinrivctenstiia of Is ills) 
noio^eine Our preliminary expenments thus far hare slion-n that the 
Is alljl normorphine has an action similar to that of the codemo dens atis c 
in antagonising the effects of morphine on the respiratory mechanism 
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Effect of Dilantin on Meirazol Conmdsions. Louis Goodman and Bjorn Lih 
{hy invitation), Yale University School of Medicine. 

The effect of sodium diphenyl hydantoinate on metrazol-indiiced con- 
vulsions in mice and rats has been studied. Metrazol, 85 mgm./kg., injected 
subcutaneously produced characteristic convulsions in 124 of 129 mice (CDgc), 
caused severe seizures in 64 per cent and death in 44 per cent. Dilantin, 20 
to 30 mgm./kg., was administered in aqueous solution per os to 91 mice twice 
daily for 4 to 7 days. When the CDgs of metrazol was injected within 24 
hours after the last dose of dilantin, onl}^ 24 per cent showed typical convul- 
sions, 13 per cent had severe convulsions, and 9 per cent died. Best protec- 
tion was obtained when 30 mgm./kg. of dilantin were given twice dailj'’ and 
metrazol injected within 8 hours after the last dose, — tjqncal convulsions 
appearing in only 5 per cent and no deaths occurring. Single large doses of 
dilantin administered parent erallj^ were not protective aiid appeared to act 
synergistically with metrazol to produce severe convulsions lasting many 
hours. In all, 350 mice were employed. Preliminary results in 100 rats 
indicate that mctrazol-induced convulsions in this species may also be favor- 
ably modified by chronic dilantin medication. Electroencephalographic 
studies are contemplated further to elucidate the inhibitoiy action of dilantin 
on drug-induced convulsions. 

Further Studies on (he Mechanism of the Vasomotor Reversal. Melvin W. 
Green (introduced by Theodore Koppanyi), Georgetown University, 
School of Medicine. 

The following facts have been ascertained concerning the vasomotor re- 
versal of epinephrine following ergotamine: (1) The observations of Herwick, 
Koppamd and Linegar concerning the role of anesthesia in vasomotor revei*sal 
have been confirmed. Under nembutal anesthesia there is no vasomotor 
reversal; on the contrary, ergotamine here acts as cocaine or ephedrine, 
potentiating the epinephrine pressor effect often in height, and always in 
duration. (2) In animals under urethane anesthesia, the vasomotor re- 
versal obtained following ergotamine administration can be diminished, 
abolished or converted into a pressor effect by graduallj" increasing doses of 
atropine. The larger the dose of epinephrine, the more atropine is required 
to abolish the reversal. (3) In ana^zing the vasomotor reversal the height 
of blood pressure must be taken into account. The same dose of epinephrine 
in border-line cases produces a reversal from high levels, but a diminished 
reversal or a pure rise from lower levels. (4) Ephedrine in appropriate doses 
may potentiate the reversal-producing effect of ergotamine. The conclusion 
of Koppanjd and associates that the vasomotor reversal is not entireb^ or even 
chieflj' due to a sympatholytic action of ergot alkaloids is upheld bj'' these 
experiments. 

The Effect of Barbituric and Thiobarbifuric Acid Derivatives on the Pyloric 
Sphincter and Stomach in Unanesthetized Dogs. Charles M. Gruber and 
Charles M. Gruber, Jr. (by invitation), Jefferson ^ledical College. 

The actions of many of the barbiturates and thiobarbiturates on excised 
segments of small intestine, intact stomach, small intestine and colon have 
been thoroughly investigated. As far as we have been able to determine, 
no one has studied the effects of these drugs upon the pyloric sphincter. 
Ohmsted and Girogossintz in 1929 studied the effect of amytal anesthesia on 
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The possibility of the further degradation of diplicnjlh\d intoic acid to 
alphi-diplicnj lanimoacctic acid or an> intermediate products is being in- 
\ estigatcd 

Anlhehmntic Properties of Alkyl Cresoh and Their Chlorinated Dcru allies 
M H Hu (by imitation), pETEn P T S\n (b\ imitation) and Hamilton 
II ANDcnsoN, Peiping Union Medical College 

Lam‘>ou and ProMn (J Pharmaiol and E\p Therap , 63: 227, 1035) found 
6-hc\\ bm-cresol an ellccti\e anthelmintic i\ithout local or 8^sttmlc to\icit> 
m therapeutic amounts Using their techniques wo ha\ o studied the isomers 
and chlorinated derivatucs of this compound, Minch Mere prepared in this 
laboiatory 

In vitro 6-he\\ hm-crcsol killed 10/10 pig nscandc*. in one hour, 6-hc\jl-o- 
cresol and 2-hc^^l'p-crcsol were less e^tcctl^c, the para isomer reriuircd 2 
hours to kill all worms Chlorinated derivatives also were less effective, 4- 
chloro-6-he\j hm-crosol and 2-hcNjl-6-chloro-p-crcsol at 2 liouis were not 
lethal, while 4-chloro-6-hevj l-o cresol in this time was effective 
Of the 6 compounds tested in i»no in 25 dogs, 2-hc\ j 1-p-cresol v\as the 
most active, 6G per cent of ascaridcs were killed at a dose range of 0 2 to 0 4 
cc per kgm Other agents, in similar amounts, m decreasing order of ef- 
fectiveness v\tic 6-he\>l-0'Crcsol, 2-he\jl'6-chloro-p-crcsol, 6-he\>l-m-trcsol, 
4-chloro-6-he\3 1-m -cresol and 4-chloio 6-hc\>l-o-cresol 

It would appear that chlonnation depresses anthelmintic activity of alkjl 
cresols 

/IcMtc fatal Insulin Potsonmo Euglnl L Jvckson (Introduced by Toiald 
Stollmann), Emory Universit> and Western Reserve Unucnsitv* 

In acute fatal insulin poisoning in unanesthetizcd rabbits the following 
observations were made 1) rcspiratorj failure, even when artificial respira- 
tion was instituted, was followed piomptR b> circulatory failuie, 2) respira- 
tory failure was not due to anoxemia, 3) aeration of the blood in the lungs 
proceeded noimallj 

Local anesthesia foi opcrativ o proccduus avoided the possible compheatmg 
factor of gencial anesthesia 

To demonstrate, if possible, the cause of respnatorv failure a senes of 
cxpeiiments was earned out m which rispiratorv and circulatoi> activity, 
etc were recorded Depai lures from the normal were observed but they 
wore not sufficient to explain the death The significant fact cmcigccl, how- 
ever, that cessation of respiration, even if artificial rcspiiation was staited 
at once, was followed almost immcdntelv bv circulatorv failuic 
In a second senes of experiments amuses of the Oj content of arterial 
blood samples, drawn bcfoie and aftci insulin administration, gave aveiagc 
values of 14 6 and 13 7 volumes pei cent, respectiv elv Statisticallv this 
diffeiencc was not significant Theicfoic, the conclusion was dravin that 
nnoxcmia did not dev elop in msuhn poisoning 
In a third senes of c\ponmcnts ai tonal and venous (right ventricle oi a\- 
ternal jugular) blood samples were diawn simultaneous^ before and aftci 
insulin injection Analysis of the samples for then O2 and CO2 content 
gave the following average results arterial-venous 0- difTercnces befoie 

* Aided by a grant from the Committee on Therapeutic Rcseirch, Council on Phar- 
macy and Chcmistrj , American Medical Association 
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and after insulin were 5,7 and 7,2 volumes per cent, respectively, while ar- 
tcriahvenous CO 2 differences before and after insulin were 4,0 and 7.4 volumes 
per cent, respectively. It was concluded from tliese data that during insulin 
poisoning there was no interference with the gaseous exchange either in the 
tissues or in the lungs. Therefore, respirator}^ failure could not be attributed 
to events occurring in the periphery, hence must be ascribed to those taking 
place in the central nen^ous sj^stem. A stud}’ of these events is now in 
progress. 

The Role of Blood Cells in ihc Anaphylactic Histamine Release, Gerhaho 

Katz, Tufaiie Univen5ity. 

In a preliminary communication, it was reported that blood cells from- 
sensitized dogs, guinea pigs and rabbits release histamine in intro when they 
are incubate I v. iM; r-r ti-.-ri These findings were confirmed on rabbits’ 
blood (C. F. ^ . I ^ ; i : ' ■ ■■ investigations have shown that the greater 

part of this histamine is released from the white cells, but that red cells, too, 
release some histamine in in vitro shock. The presence of plasma is not 
essential for this phenomenon: sensitized white, red and whole blood cells 
release histamine when they are washed and suspended in Locke’s solution 
containing antigen. At 37®C., the greater part of the histamine release takes 
place within 2 minutes; the release is completed within 7 minutes. The 
minimal antigen (cr}'stallme egg albumin) concentration giving a maximal 
release is around 1:1.000, the minimal concentration occasional!}'’ giving a 
detectable release is around 1:250,000. Blood cells from animals sensitized 
up to 100 days previous to the experiment released histamine in in vitro 
shock. If it he true that the life span of blood cells is below this period, this 
would mean that cells can become sensitized mthout necessarily having 
been in contact witli the antigen. In experiments on rabbits’ blood, the 
appearance of an active principle beside histamine was occasionally obseiwed: 
this substance does not stimulate the isolated, atropinized guinea pig’s ileum; 
it lowers the atropinized cat’s blood pressure and causes an epinephrine secre- 
tion in cats. It was not seen after the plasma was subjected to the chemical 
extraction of histamine (method of Barsoiim-Gaddum, Code). 

Some Effects of Potassium Salts in Man. 'S.M, Keith aki> (by invitation) 

A. E. OsTEunEUG AKD H, B. BrucHELL, Mayo Clinic. 

The rapid intravenous injection into a dog of a potassium .salt, for example 
potassium chloride containing 20 to 30 mg, potassium per kg., is quickly fatal. 
If the same dose Is injected slowly in ten minutes, no untoward symptoms 
develop. In man the rapid injection into a vein of a 1 per cent solution of 
potassium chloride may cause intense pain along the course of the injected 
vessel. This pain will not occur if the solution is injected very slowly. On 
the other hand, a man can ingest quickly by mouth relatively large doses of 
potassium salts, up to 100 mg. potassium per kg., without demon.strablc 
harmful effects. However, in some individuals large doses of 80 to 100 mg, of 
potassium per kg. will have a toxic effect on the kidney as revealed by dis- 
tinctly reduced urinaiy clearances of iniilin and urea. In two normal indi- 
viduals, each ingesting 80 to 85 mg. potassium per kg., paresthesia 
subsequently developed in the hand.s and feet and at that time the serum 
concentration of potassium was found to be incrca.sed to approximately 30 
mg. in 100 cc. In a third individual ingesting 104 mg. of potassium per kg., 
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the scrum potissuim rose to 26 mg per cent but no p'irc'jtliosn dc\ eloped 
These latter findings and the production of local pain ith intcr\ cnous injcc 
tions suggest tint a sudden increase in the conccntiation of potassium ion 
to 30 mg per cent in tlie cuculating blood plasma acts as a pain btimulus to 
certain pcnplicral ncr\ c endings fliere is c\ idcncc that a Ic'^s rapid elcva 
tion of semm potassium to this lev cl which maj sometime^ accompatn renal 
irisufficiencv doe-^ not cause such parc'ithesja We arc also at present m 
vestigating the relation of rapid inci eases in serum potassium after the ingcs 
tion of potassium salts to ehangcs m the electrocardiogram An increase in 
the height of the T wav e seomb to be a frequent finding as Tliompson pointed 
out m 193^ 

Effect of Drugs on Blood Lipids V F Kllsev (introduced bj E M K 

Gelling) Universitv of Chicago 

The mechanesm for tlic control of blood hpids has been reported to be 
disturbed in certain tjpes of ncuioscs as ev idcnced bj a greater spontaneous 
variation of the blood lipids of such patients and bj their abnormal fat 
tolerance curves Studies were undertaken to detcnnme (1) v\ Inch drugs 
can've a marked rapid and consistent effect on the blood hpid level m the 
normal animal and (2) the response of the normal and psj chotic patients to 
injections of these drugs 

Bloors methods were used for the determination of the total lipid phos 
phohpid total and ester cliolesterol and neutral fat of the heparinized plasma 
of normal fasting dogs after the injection of mecliolvl and both anterior and 
posterior extracts With mecholi 1 a rise of 35 per cent of the phospholipids 
v\as uniformly observed after 30 minutes with a return to the original level 
iisuallj bj the end of the first hour >to consistent changes were found 
in tlie other lipid fractions Pituitarv extracts were viithout effect on the 
normal dog 

The Effect of Sparteine on the Aiitononuc Ncrious System Theodore 

IxoppvNvi AND Chari ES R Linegvr Georgetown Umvcrsitj School 

of Medicmc 

Owing to the conflicting data m leceut literature the cflccts of spaiteine 
on autonomic neuro effectois weie reinvestigated It appeared tliat spaitcmc 
pos-stscos two principal actions a) a nicotinc-likc and b) an cphcdrine-likc 
action In doses from 10 to 40 mgm /kgm it paralj/cs the paias^Tnjiathetic 
and sympathetic ganglia as evidenced by abolishing of the electrical e\ 
citabihty of the vagus and the pressor effects of the nicotine The para 
svanpathetic and sympathetic effectors peripheral to the ganglia arc not 
affected acetylcholine pilocarpine and epinephrine effects arc not diminished 
On the contrary the epinephrine piessor effects arc maikedly potentiated 
both in height and duration follov\ing the administration of sparteine (ephed 
Fine like action) 

Prostigmine or esenne winch were shown to antagonize tlie ganglionic de 
pressant actions of nicotine and amv tal also antagonized the nicotine like 
action of sparteine Pio>5tit,mino in doses from 0 05 to 0 1 mgm /kgm re- 
stored the elcctiical excitability of the vagus and the pressor effects from 
stimulant doses of nicotine after they had been abolislicd by previous ad- 
ministration of sparteine It also interfeicd with the potentiation of cpincph 
rme pressor effects by spaitemc 
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Intraarterial injections of acetyl-choline cause a rise in tone* Atropine 
produces relaxation. These data suggest that a cholinergic mechanism 
contrilnitcs to the cardiospasm. 

The Effect of *^Vitamin P” on the Circulatory System. A. J. Leser (by 
invitation), C. F. Lombard (by invitation), C. H. Thienes, Cecil Wawra 
(by invitation) and J. L. Webb (by invitation), University of Southern 
California and California Institute of Technolog 3 \ 

A crude water soluble extract from lemon peel (supplied by Mr. A. J. 
Lorenz, California Fruit Growers Exchange) has been studied as to its effects 
on the arterial pressure of the cat and rabbit and on frog and turtle hearts. 
A definite drop in blood pressure was obtained after intravenous injection 
of an aqueous solution of the substance. This blood pressure lowering 
principle could be concentrated by fractional precipitation from a solution 
of the crude material in ethjd-alcohoL Cutting of both vagi did not change 
the blood pressure response; however complete atropinisation of the cat 
abolished it. The isolated frog heart was slowed, its sj^stolic contractions 
were decreased, spontaneous heart block of the hypod^mamic heart could be 
overcome. The isolated intestine was slightly depressed; toxicity to mice was 
low. Animal tests on capillaiy fragility are in progress. 

Intravenous Toxicity of the Acciins in Dogs and Rabbits. R. C, Ll (by invita- 
tion) AND Hamilton H. Anderson, Peiping Union Medical College. 

It has been shown that with increase in acetylation increase in toxicity of 
the acetins occurs on subcutaneous administration to rats and mice (Proc. 
Soc. Exper. Biol, and Med,, in press). As an extension of this stud 3 % the 
lethal range for monacetin, diacctin and triacctin, on intravenous injection 
in dogs and rabbits, was determined. Again, monacetin was least toxic, 
killing at 5 cc., diacetin, at 3 cc., and triacctin from 1.5 to 2 cc. per kgm. in a 
group of 12 dogs treated. In rabbits, the same relationship held, monacetin 
was lethal at 4 cc., diacetin at 1.5 cc., and triacctin at 0.75 cc. per kgm. 
Twenty-three rabbits were used. Tolerated doses in rabbits were, 2 cc. per 
kgm. for monacetin, 1 cc. for diacctin and less than 0.5 cc. for triacctin* 

Animals e.xhibitcd severe dyspnea, muscular tremors, retraction of the neck 
and oecasionalb" convulsions immediately before death which occurred 
usually from 2 to 22 minutes after injection. Animals dying from diacetin 
and triacetin showed varying degrees of hemorrhage in lung tissue, while 
those during after monacetin showed less frequent and less severe changes. 
Sections of the heart, liver, spleen and kidnej^s were cssentialb'^ negative on 
microscopic study. 

The Mode of Action of Neoproniosil in Streptococcus Infections in Mice. J. T. 
Litchfield, Jr., H. J. White (by invitation) and E. K. Marshall, Jr., 
The Johns Hopkins University. 

It is well known that neoproniosil (sodium 4-su!fonamido-phenyI-2-azo- 
T-acctylamiuo-l-hydroxjmaphthalenc 3,6-disuIfonatc) is reduced in the 
animal organism to sulfanilamide, but satisfactory data have not been 
obtained to decide if neoprontosil owes its chemotherapeutic activity ent ireb" 
to the sulfanilamide formed. In a /3-hcmolytic streptococcus infection in 
mice, the Median Survival Blood Concentration of sulfanilamide was deter- 
mined for neoprontosil and for sulfanilamide. The drug in each case was 
administered in the diet. Tijc data obtained indicate that in a streptococcus 
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infection of the mouse the entire chemotherapeutic activity of iicoprontoail 
IS due to the sulfanilamide fornied from it 

Cathartic Effcdncncss of Parcnlcralhj Ulmmislcrcd Phthalein Laxalac^ in 
the Monkey S Loewe, Tlie ’Montefiorc Hospital 

A clue to the unknown mechanism of action of the phtlialcin laxative's mav 
be expected from information on their parcnteial ofrcctix encss It can be 
obtained onlj through experiments in rliesus monkejs This report deals 
with determinations of tlic minimum, intramuscular, laxative do-^es of repre- 
sentatives fiom the three sul>-gioups of phthahdes, indohnones and anthra- 
quinones namel> phenolphthalein, isacen and peristaltmc The former v\ ere 
injected m frcshl> diluted alcoholic or acetone solution, the latter in aqueous 
solution In all the monkejs, the orallj laxative dose (Djo) was prcviouslj 
determined Results were expressed in per cent of the oral Djo jNo laxativ e 
action was obtained mtramiiscularlj with isacen doses up to 120 per cent of 
the oral D50, nor with penstaltme doses 100 times the oral Djn of phcnol- 
phthalem The minimum intramuscularly cffcctiv c dose of U S R phcnol- 
phthalem was 65 per cent of the 01 al Djo The intramuscular action of 
phenolphthalein was persistent, but nevertheless mild The differtnccs in 
water solubility may be important for these differences The value (200 
per cent, le, 3 X 65 per tent) found for commercial (“yellow ’) phenol- 
phthalein, which bv mouth, is 3 times as potent as U S P phenolphthalein 
indicates that the factor responsible for its supenor oral activity is not 
effective intramuscularly 

The Action of Ckemtcal Components of Cannabis Extracts S Loewe aed 
W Modell (by invitation), Cornell University Medical College (in col- 
laboration with Roger Adams, Univ ersity of Illinois) 

Recent advances m the chemistry of American hemp (Cannabis Americana) 
have made it possible to study the actions of several purified fractions and 
to determine whether the various biological actions used or recommended 
for bio as&ay purposes arc due to one or to more than one active principle 
The biological activity of compounds isolated from American hemp by 
Dr Adams and identified by him, were compared with respect to three 
prominent marihuana actions, namelv 1) The ataxia action, as measured by 
the “approximation method in dogs This action is produced by the 
isomeric tetrahy drocannabmols Two isomers, D —164® and D —240®, 
v\ere of high and almost equal potency (about twice that of our standard, a 
highly purified oil fi action) A synthetic tetiahydrocannabinol was al&o 
effective (about 0 20 as potent as the standard) Other compounds winch 
produced ataxia were two hexahy drocannabmols (0 70 and 0 15 that of the 
standard) 2) The synergistic hypnotic action in the mouse Cannabidiol 
IS responsible for this action, which parallels the Beam color test, a test which 
has been shown by Dr Adams to be specific for cannabidiol 3) Corneal 
areflexia which is produced by Camiabts extracts and must be due to an as 
yet unidentified pnnciple Tins is indicated by the obsenation that the 
natural tetiahydiocannabinols arc Iej,s than 0 2, and the synthetic tetra 
hy drocannabmol is less than 0 I as potent as the less puufied standard prepara- 
tion m producing corneal areflexia, yv hile cannabidiol is virtually ineffective 

Damage to the Optic Traci Produced %n Monkeys hy Tryparsamtde B J 
LoNGLEy, Is M Clxusev, r A Dyvis, M E Nesbit (by m\ itation) Arm 
A L TATtni, Unn ersity of Wisconsin 
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Since disturbances in vision result occasionally from the clinical use of 
certain arsenical drugs, it seemed highly desirable to attempt to reproduce 
such an action in laboratory animals. It is naturally to be hoped that by 
means of .some adequate tests the propensity of drugs to produce optic nerve 
damage can be determined experimentally. Such a means should open up 
the possibility of determination of the nature of, and conditions favorable 
to, the production of this unfortunate side-action. 

Five rhesus monkej^s were treated with increasing doses of tryparsamide. 
Four of the five monkeys which received higher doses became blind. The 
blindness was, for all practical purposes, complete except for the light reflex 
which was maintained. There was a paling of the optic nerv’c head and a 
searching nystagmus. Histological studies are in progress. Other com- 
pounds studied include acetarsone and atoxyi. These compounds produced 
more muscular weakness and incoordination than 0." ' ■ ‘ ’ ut, in 

the relatively short period of observation, have not ; ■ 

Correlation Between Structure and The Ratio of Inhibitory to Pressor Aclivily 
of Sympathomimeiic Amines.^ Amedeo S. Marr.a.zzi, New York Uni- 
versity College of Medicine. 

Having demonstrated adrenergic inhibition in the superior cercical ganglion 
by recording the reduction in size of postganglionic action potentials, this 
preparation was used as a readily quantitative and advantageous method of 
estimating the inhibitory potency of sympathomimetic amines. 

The scries ^ phenylethylamine to epinephrine and amphetamine to dioxy- 
norephedrine (cobefrine) have been furtlier examined. Any change in 
structure modifies pressor as well as ganglionic inhibitor^" activity to inde- 
pendent degrees. With a \dew to selecting compounds with predominantly 
inhibitorj^ properties, the extent of inhibitory potency was expressed by the 
ratio of the amount necessary to produce the same degree of ganglionic 
inhibition as epinephrine to the amount necessary to produce the same 
pressor effect as epinephrine in the same experiment. 

These ratios indicate that vith respect to predominance of inhibitory 
effect the s 3 Tnpathomimetic nucleus, as exemplified by phenylethylamine and 
amphetamine, is as good as or better than epinephrine. With the addition 
of the phenolic parahydrox^d group the ratio is maintained or bettered. The 
further addition of other groups although enhancing activity in general 
produces a poorer ratio until the full epinephrine structure is reached 
(ratio = 1). It seems that if one group is to be singled out for addition to 
the sj^mpathoraimetic nucleus in order to improve inhibitory potency, it 
would be the phenolic parahydrox 3 d; but the relation of the side groups to 
each other is equally important and may outweigh the influence of a single 
group. 

Effect of Quinine on Urinary Metabolites of Fasting Dogs. A. T. Milhorat 
. iXD W. E. Bartels (b 3 ’' invitation), Cornell Univen5it3‘ Medical College. 
Quinine administered to fasting female dogs reduced the urinary output 
of total nitrogen, urea, phosphorus, and inorganic sulfur, but did not affect 
the amounts of ammonia, amino acid nitrogen, preformed creatinine, creatine, 
organic sulfur or vitamin C. This effect usually was slight or absent on the 

* Aided by a grant from tho Committee on Therapeutic Research, Council on 
Pharmacy and Chemistrjs American Medical .Association. 
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da^ \\hen ' ’ jriimr> output of total nitrogen and 

urea often nod Honc\er, on the subsequent 

two dajs, of the drug practicalH was com- 

pleted, significant c(T(.cts w ore obscra cd The reduction in the unnar\ output 
of the^o substances was greater after a single dose of quinine had been given 
than when the drug was given dailv for periods of several da>s ^^ore- 
over, the effect of quinine diminished after the drug had liccn given for 
prolonged penod> 

Effect of Qiitmnc on Melaboltsm in Patients leith Muscular Wasting and 
Crcaiinnria \ T Milhora-T and V Toscani (bj invitation), Cornell 
University Medical College 

Quinine v\as administered dail^ for periods of 5 dajs to 2 patients with 
e\tensiv c muscular wasting and considerable crcatinuna The diet was kept 
constant from da5 to daj and the unne and feces were quantitativ elj col- 
lected The results w ere as follows during the period of quinine administra- 
tion the unnar> output of total nitrogen was increased, the fecal nitrogen was 
unchanged, and the nitrogen retention was decrea'^cd whereas in the control 
period following the drug administration the urinarj output of nitrogen 
was reduced and the nitrogen retention was increased "No effect on the 
urmarj creatinine, creatine and vitamin C was observed The retention of 
calcium and phosphorus was decreased shghtl> during the period when 
quinine w as gtv en, but the reduction in calcium retention w as more definite 
during the post quinine control period Since the fecal elimination of these 
substances was practicallv unaffected the changes in unnarj output cannot 
be related to changes m intestinal absorption The findings suggest further 
that quinine has an effect on protein metabolism, but is w ithout significant 
effect on the metabolism of creatine m the muscles 

The Use of Digitalis to Preient the Exaggerated Acceleration of the Heart During 
Physical Exercise tn Patients with Auricular Fibrillation By Walter 
Modell {bj invitation) and Habrv Gold, Cornell Univcrsitj Medical 
College 

Sir Thomas Lewis stated that “Although it is usuallj possible to control 
the rate m cases of auricular fibrillation, when the patients are at rest or 
quietlv exercising it is rarelj possible to control the rates adequately in 
conditions of freer exercise “ This \ le^^ is generally held Our previous 
experiences with “vagal” and “extravagal’ digitalization suggested that 
this \ lew might be incorrect We examined this question m 27 experiments 
on 11 patients wath auricular fibrillation We found that physical exercise 
to the limits of endurance produced the same acceleration as complete block- 
ing of the vagi by atropine Howcvei after “extravagal’ digitalization 
complete blocking of the v agi rarely allows the ventricles to beat faster than 
100 a minute The present results show that exercise to the limits of endur- 
ance similarly fails to accelerate the v entncle appreciably abov e 100 a minute 
when a similar grade of digitalis action is obtained, namely, “extravagal” 
digitalization 

This studv therefore shows that, contrary to the customary belief, the 
exaggerated acceleration of the heart during free physical exercise mav be 
satisfactorily controlled by “extrav agal ’ digitalization in patients with auricu- 
lar fibrillation 
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Organotropy of Tribromoethanol^ Tribromoacetaldehyde and Trihromoacetic 
Acid, ^ X^MES L. Morrison (b}" invitation) and G. A. Emerson, West 
Virginia liniversity. 

Br content of various parts of the brain and of several glands, muscles and 
secretions was estimated by the method of Brodie and Friedman (J. Biol. 
Chem., 124: 511, 1938) in normal and treated cats. The agents were given 
intramuscularly, in neutral dilute solutions, in amounts equivalent in Br 
content to 0.2 gm./kg. One-hour absorption periods were allowed. As 
judged from relative Br contents of blood and tissues, tissue affinities are 
high for avertin, particularly Anth brain, glands, bile, heart, lungs and red 
bone marrow. Tissue affinities for the other 2 agents are low; Br distribution 
follondng their administration roughl}^ resembles that of NaBr, or the Br 
distribution in untreated cats, although there are notable exceptions for 
certain tissues. Although avertin and bromal are potent narcotics, several 
tissues other than brain show higher affinities; i.e., there is no specific attrac- 
tion of brain tissue for these agents. Pathologic side-effects are correlated 
with distribution. 

A Simple and Rapid Qualitative Teel for Barhiiuratcs, Hurley L. Motley 
(introduced by D. E. Jackson), University of Missouri Medical School. 
The addition of 5 to 25 mgm. of a soluble barbiturate to ten cubic centi- 
meters of water in a clean test tube containing 0.04 cubic centimeters or one 
drop of mercurous nitrate test solution (U.S.P. XI.) produces a Avhite to graj’- 
colored gelatinous or flocculent precipitate, except for sodium barbital and 
pentothal sodium where the precipitate was of a finer type with less tendency 
for flocculation. The addition to the above of 0.08 cubic centimeters or two 
drops of potassium iodide test solution (U.S.P. XL) produced a greenish 
colored colloidal solution, Arith a change in the character of the precipitate 
to one Avith no visible particles. The addition of potassium iodide to a 
blank produced a canary yelloAV colored colloidal solution. Determinations 
on light transmission from 400 to 700 angstroms with a spectrophotelometer 
revealed specific differences in the control from those Avith a barbiturate 
present. 

The test is useful for quick differentiation of the barbiturates from other 
sedatives, particularly the opiates. Many of the drugs tested formed a 
precipitate 'U'ith mercurous nitrate, but on adding the potassium iodide either 
a visible precipitation occurred or the solution Avas yelloAV or some other 
color than green if colloidal. A number of the drugs gave no precipitate 
with mercurous nitrate. Theobromine and theophyllin, AA^ere the only tAv^o 
drugs tested Avhich gaA’e similar results to the barbiturates and on a basis of 
chemical structure this AA*as not surprising. These tAvo drugs may be differ- 
entiated by modifications of the test. 

The Liver Histamine in Canine Anaphylaxis. Gaylord Ojers and Carl A. 
Holmes (by inAutation) and Carl A. Dragstedt, North AATstern Uni- 
versity Medical School. 

Biopsy specimens of liver AA'ere obtained before and after the shocking 
injection of serum in horse-serum sensitized dogs and analyzed for their 
histamine-equivalent content. The results in 16 animals indicate that the 
histamine lost b}" the liver is .'substantially adequate to account for the degree 
of shock experienced in each case, and that, therefore, the liver plays the 
major role in the anaphylactic reaction in the dog. 
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Dislnbulwn of Sulfapyruhnc and its Sodium Salt in Ocular Fluids and Tissues 
after Local Application S Y P’an (introduced bj Hahiilton H Ander- 
•jon), Peiping Union Medical College 

Following a technique prc\iouslv dc‘?cnbcd (Proc Soc Exp Biol and 
Med , in press), 100 mgm of finclj dl^ idcd sulfap\ ndine was applied topically 
to one C5 c (using the other as n control) of each of 8 albino rabbits One hour 
after application, the concentrations of the drug in the \ arious ocular fluids 
and tissues were conjunctiva 47 1 ±112, cornea 30 3 ± 6 0, sclera 10 9 ± 
3 6, aqueous humour 4 7 ± 1 2 and lens 2 4 ± 0 8 mgm per cent The 
chonoretinal layers and vitreous humour, all tissues and fluids of untreated 
ejes, and the blood contained no sulfapv ridine 

Similar determinations were made after local application of 100 mgm of 
sodium sulfapj ndinc to 8 rabbits Concentrations of this drug one hour later 
vvcie cornea 156 7 ± 22 0, aqueous humour 88 3 ± 9 7, conjunctiva 75 8 ± 
13 2, sclera 21 9 ± 5 7, lens 17 7 ± 2 4 and chorioretinal laj ers 117 ±44 
No dnig was found in the aqueous humour, blood or m untreated eyes 
No tissue reactions were observed following application of sulfapjndme 
In ejes to which sodium sulfap>ndine was applied marked congestion and 
chemosis of the conjunctiva appeared almost immediately These reactions 
did not subside until from 2 to 5 dajs after treatment 


A Method for Determining the Solubility of Gases and Vapors in Liquids by 
Means of the Pan Slyke-Netll Apparatus S Anderson Peoples, Uni- 
versitj of Alabama 

The usual apparatus is modified bj the introduction of a heating cod in 
the water jacket by means of which the chamber temperature can be 
controlled 

A suitable volume of gas is admitted to the chamber and the mercury 
level dropped to the 50 cc mark and reading Ri is made If the vapor of a 
volatile liquid is to be studied a quantity of the liquid is admitted which 
will bo entirely vaporized when the mercury level is at the 50 cc mark A 
quantity S of the absorbing liquid is then admitted into the chamber and while 
keeping the mercury level at the 50 cc mark, the chamber is shaken until 
equilibrium is reached as showoi bj the constancy of the manometer reading 
Hi a correction, Ci is the manometer reading with the chamber emptj and 
the mercury level at the 50 cc mark Correction Cj is the manometer 
reading obtained by admitting volume S of the absorbing liquid into the 
chamber and lowering the mercury level to the 50 cc mark 
The calculations arc as follow s 


50(i?i - Cl) - (50 -* SWi - C 2 ) 
(/?, - C2)S 


= Van Slyke Neill expression 


a = a' X 076 “ i_ ~ Bunsen CocfKcient 
Z73 + I 


The Effect of Varying the Intake of Dietary Salts on the Formation of Galactose 
Cataracts Carl Pfeiffer and (by invitation) Hovvvrd G Glass, and 
Roreut H Dreishvcr, Wajne Universitj and the University of Chicago 
The marked polyuna which occurs with galactose diets in rats prompted 
this study of water and salt balance m galactose cataract formation In a 
senes of 30 control rats fed for 3 weeks on Day’s galactose diet the incidence 
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of severe cataracts was 45 per cent. In 20 galactose fed rats given 0.2 to 
0.3 per cent KCl solution as drinking water the incidence was 20 per cent. 
In 22 rats given 0,3 per cent of other salt (NaCI, iMgCi2, and CaCIj) solutions 
as drinking water the incidence of severe cataracts was 52 per cent. When 
3 per cent K2HPO4 was incorporated in the diet, the incidence of severe 
cataracts fell to 22 per cent compared to 55 per cent for an equal number of 
control rats fed on the identical diet without the K2HPO4. The incidence 
with 6 per cent K2HPO4 was 25 per cent. The acid salt KH2PO4 (4 per cent) 
did not prevent severe cataract formation, for in a series of 10 rats the inci- 
dence was 50 per cent. Examination of the eyes at weekly intervals indicated 
that the primary lens damage is not prevented, but the severity of secondary 
calcification is decreased by adequate potassium administration. 

Addiction Potentialities of ^^ScconaV^ and Sodium Amytal in Pat^. Nilkanth 
jM. Phatak and John R. Hill, (by invitation) and Norman A. David, 
University of Oregon Medical School. 

Barlow^s (1932) method, used at Dr. Sollmann^s suggestion by Stanton 
(1936) for studjdng the addiction tendencies of the barbiturates by a “tran- 
quilization^^ technique is simple and reliable for objective purposes, provided 
certain modifications in the technique and the recording procedures are 
observed. We wish to report here on the addiction potentialities of “ScconaP^ 
and Sodium Amytal as determined by this technique. 

The drugs used and the daily dosages administered subcutaneously to 5 
groups of 5 rats each during a period of 8 weeks is given in the table; 





MINTMAL I.P, 

uimuAii 

GROUP 

DRUG 

nxiLT DOfir 

ANiarnETic 

X.P. PATAI. 


1 


UOflC 

DOSE 



msjlcg. 

mgjkg. 

mgjhg. 

1 

Controls 0.5 cc. 0,9 per cent NaCI 




2 

3 

Sodium phenobarbital 
“Seconal” 

40 

25 

150 

40 

250 

110 

4 

Sodium amytal 

35 

80 

180 

6 

Sodium pentobarbital 

30 

50 

no 


The results of weekly 24 hour abstinence irritability of rats as recorded 
by this technique show no increase to either drug. Some differences in action 
were noted, however. With Sodium Amytal (35 mg./kg.) the rat irritability 
decreases steadily and continues even into the withdrawal period indicating 
a cumulative effect. With ''Seconal” (25 mg./kg.) the w^eekly preinjection 
struggle response is always the same and the tranquilization at this dose is 
almost complete. Recovery is prompt and throughout the withdrawal 
period the abstinence response is the same as the original control level. 
Results with phenobarbital and pentobarbital-sodium are qualitatively 
similar to those for Sodium Amytal. 

The Effect of High Fat-Low Protein Diets on the Nitrogen and Fat Metaholism 
of Hypophysectomized and Normal Rats^. Roger M. Reinecke (by 
invitation), Leo T. Samuels, and How^ard A. Ball (by invitation), 

1 This investigation was supported by grant from the Committee on Research in 
Endocrinology, National Research Council. 
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Unncr^itj of MinncbOta Medical Scliool, and the San Diego General 
Hospital 

A studj has been made of the nitrogen excretion, and li\cr fat of h%po- 
plnscctomizcd and nomml male lats fed equicaloric quantities of diets by 
stomach tube in i\hich 15, 10, 5, and 0 per cent of tlie calories were furnished 
ba protein, the balance being supplied b\ biittcrfat The amounts fed ^'c^c 
sufficient to maintain the normal weight when the 15 per cent protein was 
fed The results indicate that the hjpophjsectomizcd rat can maintain life 
without an\ large suppU of either exogenous or endogonous carbohydrate 
if sufficient amounts of fat are a\ affable Ihere seems to be a limited labile 
supply of protein upon which such animaK can draw , howe\ cr The implica- 
tions of this in the problem of pituitary influence on metabolism will be 
discussed 

Toxicity of T ' " ’ ^[^xillTcs R K Richards 

(introduccc ' ' ■ laboratories 

CnmbinatK and barbiturates arc used 

chmcally The LD50 of Glucophylhnc (methy Iglucamme -f Tlicophy lime) 
orally in mice was G25 mg /kg and for Ephednne IICl 900 mg /kg Both 
produced marked excitement The drugs wore mixed in the proportion of 
16 to 3 The Ccilculatcd LD50 would be 674 mg /kg However, actuallv it 
w as 435 mg /kg , prov ing a potentiation of the effects This w as corroborated 
by uilrapentoncal injection The LD50 for Glucophyllme w%s 400 mg /kg 
and for Ephednne HCl 360 mg /kg IMixed in a proportion of 20 to 3 parts, 
the LD50 was 250 mg /kg against 393 mg /kg which would correspond to 
the simple summation of effects 3 parts of pentobarbital or nconal were 
added to the above mixture 393 mg /kg of this mixture with a barbiturate 
were tolerated by about one-half of the animals None died on 250 mg /kg 
Only" slight twitching, but no or very short sleep, followed These findings 
show tliat, pharmncologically", such mixtures are rational 

Comparaltie Effects of Sulfonamide Compounds in Producing Cyanosis and 
Anania Ahthur P Richardson, Stanford Umv ersity’ School of Medicine 
Details of methods are described by which bactenal chemotherapeutic 
and other agents may" be compared for their ability to produce anemia and 
cyanosis m mice On the basis of drug intake per kilo per day sulfanilamide 
was found to be 2 1 times as injurious as sulfapy ndine, 4 3 times as injurious 
as sulfathiazole, and 10 9 times as injurious as sulfanily Iguanidme When 
corrections were made for differences in absorption, excretion, molecular 
weight, and partition between red cells and plasma, the above compounds 
were of approximately" the same toxicity" Cyanosis characterized by the 
formation of sulf hemoglobin was produced m direct proportion to the degree 
of anemia 

The Influence of Metrazol on the *^Neurotic Pattern'’ in Rats Jacob Svcks 
and {by invitation) Norman R F Mxier and Nathan M Glaser, 
University of Michigan 

Several mvestigators have produced a type of abnormal behavior m rats 
by auditory stimuli The reaction, called the “neurotic pattern,” consists 
of a period of violent, undirected ninning, which may be followed by a 
coiiv ulsion 
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This abnormal reaction is not shown by all rats. The incidence of reactors 
varies from 20 to 60 per cent in different strains. Some animals which do not 
ordinarily show the abnormal reaction can be made to do so by the introduc- 
tion of other conditions of a psychological nature. 

The present experiments were undertaken to determine whether this ab- 
normal reaction is an hereditary character present only in certain rats, or is 
latent in all. This was done by exposing non-reacting rats to the auditory 
stimuli after the injection of a sub-convulsive dose of metrazoL 

It was found that the abnormal reaction can be produced by this means in 
the majority of such non-reacting rats tested. The reactions so produced 
resemble those occurring in reactive animals by exposure to the auditory 
stimuli or other psychological situation, and differ from the convulsions 
produced in these rats by larger doses of metrazol. 

The percentage of individuals that can be made to show the abnormal 
reaction is increased much more by metrazol than by any of the purely 
psychological measures that have been used. 

It is therefore concluded that the drug gives rise to effects beyond those 
which can be produced by purely psychological processes. 

It is also concluded that the abnormal response cannot be completely 
accounted for on the basis of an hereditary'' trait. 

Balance Studies in Hypophysectomized Rats Fed High Carhohijdrate and High 
Fat Leo T. Samuels and (by invitation) Roger M. Reinecke, 

AND Howard A. Ball, University of Minnesota Medical School, and the 
San Diego General Hospital. 

Hypophysectomized male rats and similar rats with sham operations were 
fed equicaloric amounts of diets containing 15 per cent of calories as protein 
and the balance supplied either entirely by fat or entirely by carbohydrate. 
The diets were fed by stomach tube in quantity sufficient to maintain body 
weight providing no shift in water occurred and the nutrients were used as 
fed. Littermates were killed and analyzed at the beginning of the feeding. 
At the end of 17 days feeding the remaining animals were killed and analyzed 
for fat, carbohydrate, and protein. Liver, gastrocnemius muscle, and 
perirenal and gonadal fat depots were analyzed separately. 

The hypophysectomized rats were able to maintain themselves on either 
the fat or carbohydrate diet, but lost small amounts of protein and con- 
siderable amounts of water. The fat-fed and carbohydrate-fed hypophysec- 
tomized rats all resembled each other in composition, except that the last 
group had stored more fat and lost more water. The additional fat in the 
hypophysectomized rats was in the body fat since the liver fat was lower 
than the corresponding controls. The carbohydrate-fed controls differed 
from all three of the above groups since they stored less fat and retained more 
water. 

Calculation of the energy equivalents used showed that the hypophysec- 
tomized rat can utilize cither carbohydrate, fat or protein when supplied in 
the food, but the carbohydrate-fed hypophysectomized rat stores fat because 
of a lowered metabolic rate. This was not found in the fat-fed hypophysec- 
tomized rats however. 

» This investigation was supported by grant from the Committee on Research in 
Endocrinology, National Research Council. - . . . , r 

2 Assistance in the preparation of these materials was furnished by the personnel oi 
the Works Projects Administration, Official Project No. 8750, Sub-project No. 355. 
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The 4dion 0 / Various Agents on (he Gall Bladder of the Frog Lio\d D 

Se\ger Univ crsity of Tennessee 

Intracardial injections of \anous agents i\erc made into pithed frogs and 
response of the gall bladder dlrectl^ obsen ed Of the ten agents u'^cd as 
shoivn m the following table Posterior Pitmtarj and Barium Chloride were 
the onh ones that had an> appreciable effect Lack of effective parasj m 
pathetic control of the gall bladder in this animal is substantiated hy the 
finding in 32 experiments that \ agus stimulation sufficient to stop the heart 
produced no obscri able effect 


mtP A RATION 1 

OOSX FR 30 091 ^ 

or ! 
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CONTRACTIOV j 
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Atropine sulf 

0 02 1 mg I 

56 

6 1 

60 

Acetyl choline 

A C after 

0 02-0 2 mg 1 

20 

4 1 

16 

Phy sostigmine 

0 02-0 2 mg 

12 1 

3 

9 

Physogtigmine 

0 02-0 1 mg 

36 

2 

34 

Pilocarpine 

0 2 -0 5 mg 

24 

3 

21 

Epinephrine 

0 01 0 2 mg 

45 

0 

45 

Histamine 

0 01 0 2 mg 

42 

0 

42 

Post Pituitary 

0 3 1 unit 

48 

16 

32 

Banura Chloride 

0 2 0 1 mg 

36 

26 

10 

Normal Saline 

0 2 cc 

40 

0 

40 


On the Oxtdaliie Metabolism of Skeletal Muscle from Chronically Morphtmzed 
Rats M H Seevers and F E Shidemxn (b} mxitation) Uni\ersity 
of Wisconsin 

The data presented in the tabic represents the oxjgen uptake (Warburg 
technic) of minced skeletal muscle from normal rats and indicates the marked 
increase in oxjgen consumption of muscle from rats to which ascending doses 
of morphine sulfate (20 to 240 mgm per kgm ) were administered for 13 to 
15 w eeks The animals w ere killed at \ arying inter\ als after the last injection 
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4-13 

morphine 

15 

24 hours 

2 27 

1 19 3 83 
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2 

48 hours 

' 3 37 

3 37 3 38 

4-11 


2 

72 hours 

3 41 

, 2 52-i 30 

i 4-29 


2 

96 hours 

2 14 

1 56 2 71 

0 


1 

12 days 

1 98 


-3 


The effect of morphine added ‘ in a itro (last column) is greater m normal 
than m chronical^ morphmized muscle 
The extra oxjgcn uptake due to added p>ru\ate is significantly les-s m 
chronically morphmized than in normal rat muscle and the synergistic effect 
of morphine on py ru\ ate oxidation ob‘?cr\ cd in normal muscle is absent 111 
chronically morphmized mu'sclo 

Malonate (02 M) produces a somewhat greater pcicentage inhibition of 
oxidation in chronically morphmized than m normal muscle 
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Morphine on the ^*l7i Viiro^^ Respiration of Certain Tissues of the Half Rabbit 
and Cat. F. E. Shideman (by invitation) and M. H. Servers, University 
of Wisconsin, 

These observations represent preliminary data obtained in the initial 
phases of a comprehensive surv'cy of the actions of morphine on the oxidative 
metabolism of various tissues of several animal species. They are presented 
for comparison with the action of morphine on the respiration of skeletal 
muscle detailed elsewhere in these abstracts. 

^ The effects of .12 per cent morphine on the no-substrate Qo, of various 
tissues are as follows: 

^ Rat. The respiration of cerebral mince and kidney mince is not affected 
significantI3^ 

Rabbit. The respiration of spleen, pancreas and adrenal, and to a lesser 
extent liver and submaxillary gland, is inhibited; heart muscle is unaffected. 
The respiration of skeletal muscle, uterus and spinal cord is significantly 
increased. 

Cal. The oxj^gen uptake of cerebral cortex, cerebellar cortex, supramedul- 
]siry ganglia, and medulla are all inhibited, the latter to the greatest extent. 
No uniform effect on spinal cord has been obtained. 

Skeletal muscle is the only tissue examined thus far in which oxidations 
are uniformly'- increased hy the addition of morphine ‘*in vitro,” although 
further studies on smooth muscle and spinal cord may 3d eld results of a similar 
qualitative nature. 

Some Vitro*' Effects of Morphine on the Respiratory Metabolism of Skeletal 
Muscle. F. E. Shideman (b3'’ invitation) and M. H, Servers, Univcrsit3’’ 
of Wisconsin. 

The Warburg technic was used to determine the effects of morphine on the 
Qo, of rat skeletal muscle mince (Latapie). Morphine (.12 per cent) added 
“in vitro” produced a mean increase of 34 per cent above the no-substrate 
Qo,. An even greater effect w’as obtained with four year old, brown, morphine 
stock solutions. This extra oxygen uptake produced b3" morphine is due 
not to the increased oxidation of glucose, lactate, citrate, fumarate or acetate 
since the mean morphine increase remains the same and is superimposed upon 
the substrate Qo, when these substances are added. Morphine appears 
however to affect synergistically the oxidation of pyruvate, and to a lesser 
extent succinate; e.g., the mean increase above the no-substrate Qo, in four 
pyruvate experiments was: morphine, +31 per cent; P3n’uvate, +63 per 
cent; morphine and pyruvate, +135 per cent. 

The morphine increase persists in the presence of added coenz3^mes I and 
II, hence is not due to an inhibition of dephosphor3dation of these substances. 

Malonate (.02 I3I) abolishes completel3" the increase above the no-substrate 
Qo, produced by morphine. 

lodoacetate (1:10,000), which docs not reduce the no-substrate Qo„ par- 
tially prevents the morphine increase, presumably by diminishing the avail- 
able substrate, since the full morphine effect is obtained when sufficient 
lactate is added. 

A similar augmentary effect of morphine on the no-substrate Qo, was 
observed in a few experiments on rabbit and human skeletal muscle. 

Further Observations on the Pharmacological Effects of Trypsin. M. Rocha b 
Silva (by invitation) and Carl A. Dragstedt, Northwestern University 
Medical School. 
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We have pre\iousU reported that trjpsm has the capacitj of liberating 
histamine in hen perfu'^cd through the lungs of gumca pigs and tliat it loads 
to the appearance of histamine m the blood N\hen injected intra\cnousl3 into 
intact dogs That the capacit\ to liberate histamine from \anous tissues is a 
fundamental characteristic of trNpsin is supported by experiments on the 
isolated smooth mubcle of guinea pigs, the blood of rabbits, and rabbit's skin 

Effect of Pentolhal Sodium on Urine Output Under Tanous Experimental 
Conditions^ Herbert Silvette, XJni\crsit> of Virginia 
Using a standardized procedure and groups of 12 N\hitc rats, the influence 
of ancstlietic doscb of Pentothal-Sodium (Abbott) has been determined on the 
antidmresis due to the injection of post pituitarj extract and on the diuresis 
brought about bN the administration of hjpotomc sodium chloride solution 
and mercurial and xanthine diuretics 

White rats, gi\ en intrapentoneal injections of 0 2 per cent sodium chloride 
solution, N\ere placed in mdi\idual metabolism cages, N\hcre the unne output 
was recorded at half hourly intervals over a period of 12 hours After an 
initial latent penod, a marked diuresis was shown which lasted for 6-8 hours 
The administration of Pentothal sodium (6 mgm per 100 grams) 2 hours 
after the initial injection of sodium chloride solution brought about an in- 
hibition of urine flow which lasted as long as the animals were kept in the 
anesthetic state Soon aher the animals’ awakening howe\er, the unne 
output attained the normal rate of excretion, although the volume of ex- 
creted unne had not reached the control lev el b> the end of the 12 hour period 
If, simultaneoush oi following the administration of Pentothal sodium, 
1 5 units of Post-Pituitary Solution (Squibb) v\ere injected, no antidiuresis 
occurred In contrast, if the animals were first rendered antidmrctic by a 
preliminary injection of post-pituitary extract, and then injected with Pen- 
tothal sodium, the antidiuresis was not overcome, but followed the normal 
expected course 

Another group of animals v\as given two pnming do‘?es of 0 75 mgm 
^lercupurm (N H ) per 100 grams bodjr weight Then 0 2 per cent sodium 
chloride solution was admmisteied as usual, and 2 hours afterwards Pento- 
thal sodium v\as injected into half the animals No decrease in the effect 
of the mercury diuietic v\as brought about by Pentothal sodium On the 
other hand similar expenments performed using theophylline diuretics (Phyl- 
hem and Thcocin) m place of the mercunal diuretic indicated that Pentothal- 
sodium exerted an inhibiting influence on xanthme diuresis 
These experiments are being continued and amplified m the expectation that 
the mechanLsm by which the barbiturates inhibit the secretion of unne will 
be thereby resolv ed 

Some Neu Aspects of Morphine Action Influence on Excretion and Blood 
Leiel by Prostigmin Donvld Slaughter and (by mvitation) C R 
Trbadw'ELL A^D J W Gales Baylor University College of Rlcdicme 
The excretion of morphine in addicted and non addicted dogs, receiv mg 
three daily subcutaneous doses of 20 mg /kg of morphine sulfate followed by 
a three day withdiawal period, has been determined iUtcr a suitable time 
interval the same dogs v\ ere given this standard dose of morphine plus 0 1 
mg /kg of prostigmm methylsulfate and the excretion compared wath the 

* This investigation has been made Nvith the assistance of a grant from the Committee 
on Therapeutic Research Council on Pharmacy and Chemistry, American Sledical 
Association. 
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control period. In non-addicted dogs, prostigmin exliibited no influence on 
morphine excretion, while in addicted dogs there was a 9 per cent decrease. 
The addicted dogs also showed less severe withdrawal symptoms when they 
received prostigmin in addition to their morphine. The total percentage 
and proportions of mor|)hine excreted as ‘‘free^^ and ‘^combined^^ were ap- 
proximately the same in addicted and non-addicted dogs. 

Preliminary experiments suggest that morphine disappears from the blood 
stream more rapidly when prostigmin and morphine are given simultaneously 
than when morphine is given alone. 

Experiments are in progress to ascertain what substance is the ‘‘binding 
agent'* for the “combined" morphine in the urine and also to account for these 
blood differences in morphine content when a cholinergic drug is given. 
This is a preliminary report. 

The Oxytocic Assay of Posterior Pituitary Fractions, Blackwell Smith, Jr. 
(introduced by E. jM. K. Ceiling), Universit 3 ^ of Chicago. 

A comparison of the chicken method of Coon and the official (U, S. P. XI) 
method for the oxytocic nssny of posterior pituitary’' fractions was carried out. 
Preparations having pressor: oxytocic (P:0) ratios ranging from 1:15 to 29:1 
were assayed by these methods and by the guinea pig uterine method using 
Locke-Ringer solution with a Mg concentration adjusted to 2.5 mg. per cent, 
the approximate Mg titre of human and chicken blood sera. Preparations 
having P:0 ratios ranging from 1:15 to 3.5:1 exhibited equal potencies by 
all three methods. When the P;0 ratio exceeded 3.5:1, the chicken method 
and the uterine method using Locke-Ringer containing 2.5 mg. per cent Mg 
gave equal results, and the official method gave lower values. This discrep- 
ancy, increasing with the P:0 ratio, reached 300 per cent. Results indicate 
that the lower values obtained by the official methods are due to the low, 
unphj’^siological Mg titre of the official Locke-Ringer solution. The chicken 
method, with its simplicity and economy of time and funds, may therefore 
have the additional advantage of predicting more accurately the ox^’^tocic 
activity of pressor preparations. 

The Ratio of Bromide to Chloride in Body Fluids, Paul K. Smith and (b^’’ 
invitation) Alexander W. Winkler and Anna J. Eisenman, Yale 
University School of Medicine. 

Bromide and chloride are not completely interchangeable in the body fluids. 
The extent to which they exchange across cell membranes has been studied in 
experiments of several types. In one group monkeys receiving a constant 
intake of chloride in the diet were given daily oral doses of potassium or 
sodium bromide. The ratio of bromide to chloride in serum was regularly 
greater than the corresponding ratio in urine. At higher levels of serum 
bromide (up to 60 mEq per liter) the difference between the ratios were 
somewhat less. In another group of experiments bromides were administered 
intravenously to dogs. The ratio of bromide to chloride in serum was like- 
<wise greater than that in urine. The inequality of the ratios was little af- 
fected by diuresis induced in various ways and was independent of the cation 
associated with the bromide. In still another type of experiment sodium 
bromide was added to defibrinated human blood in vitro. Equilibrium was 
complete^ established in a few minutes. The ratio of bromide to chloride 
in erythrocytes was alwaj^s greater than that in serum. 
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r ^ Franklin 

ilmg), Unucrsitj 

nous injection of 

the mother, ^\as determined bv changes in rite of fetal respiratorj moicmcnts 
obser^ed directly through the uall of the unopened uteri of rahbits at full 
term, the animals, having been prepared by *i method previouslj de^^enbed 
Results shoiNcd that rh> thmical respiratory movements of the fetuses v\cre 
not abolished by dosage which produced definite analgesia and respiratory 
depression in the maternal animal In a typical experiment a dose of 1 
mg per kg of morphine sulphate was repeated three times at intervals of 
about 20 minutes, and finally a dose of ten times the initial one was given 
Depression of intrauterine respiratory movements may occur as the dose is 
increased and occasionally a transient interruption of rhy thmical respiration 
The outstanding result during observation of two hours or longer is the 
rhy thmical breathing of the fetuses despite administration to the mother of 
more than 15 times the analgesic dose of morphine 
Through the courtesy of the Committee on Drug Addiction, National 
Research Council, we have assayed certain morphine derivatives having 
exceptional analgesic potency, namely, dihydromorphme dihydro a isomor- 
phinc alcoholic ethyl ether, dihydro-a-isomorphine alcoholic methyl ether, 
dihy drodesoxymorphme D, and mcthyldihydromorphinone The results 
suggest obstetrical usefulness 

The Toxicity of Bismuth Salts by Intraienous Injection Torvld Sollman 
AND Joseph Seiftek, Westem Reserve University 

Fast, slow, and repeated slow injections of water soluble ionic bismuth 
compounds (sobisminol, Na Bi citrate and tliiobismol) were made intra- 
venously in rabbits and dogs in order to compare the influence of rate on 
toxicity, syTUptomatology , sojourn of Bi in the blood and distribution of Bi 
in the orgEins 

Slow injections decreased the renal toxicity of sobisminol and Na Bi citrate, 
so that the LDjs obtained for fast injections was more than doubled, but the 
toxicity of thiobismol appeared unaltered Dividing the dose in equal 
portions and injecting slowly for five successive days did not further decrease 
toxicity in rabbits Liability to flocculation death decreased by slow injec- 
tions, especially in dogs, except that slow injection of thiobismol appeared to 
be more toxic to rabbits than were the fast injections 
Deaths occurring during or shortly after injections were typical of floccula 
tion Animals w Inch died later show ed only the lethargy of uremia Neither 

these animals nor those which were sacnficed thirty to sixty davs after in- 
jection developed any of the striking features obscrv ed with administration of 
more freely diffusible Bi compounds (trimcthyl bismuth) 

The sojourn of Bi m dogs’ blood followed the characteristic rapidly de- 
scending parabolic curv e of cry stalloid substances, except that thiobismol 
when injected slowly behaved more like a colloid 
The per cent of Bi in the organs paralleled the amount administered and 
decreased with the time elapsed after administration Kidney and lung 
store Bi more rapidly than hv er and spleen The concentrations were fifteen 
times those obtained by intramuscular injection of similar doses of water 
soluble bismuth compounds and approximately the same as with like doses 
of intramuscular injections of the oil suspensions 
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Effect of Conmdsanis at Low Body Temperaliircs, R. T. Stormont and W. E. 
Hook (introduced by E. M. K. Ceiling), University of Chicago. 

Cats were anesthetized with sodium barbital (250 rag./kg. I.V.) and placed 
in a room at 4°C. The body temperature of the animals was reduced to 
between 20° and 23°C. and then maintained at this level for the duration of 
the experiment. The body temperature of control animals, likewise anes* 
thetized with sodium barbital, was maintained between 37° and 39°C. Piero- 
toxin, metrazol, and strychnine were administered intravenously to both 
cooled and control animals. 

The lethal dose of picrotoxin in the cooled animals was approximately twice 
as great as in the controls. The lethal dose of metrazol was approximately 
the same in both groups, whereas strychnine was slightly more toxic in the 
cooled animals. 

Convulsions in the cooled animals were much less severe but greatl}’- pro- 
longed. The survival time of the cooled animals averaged 18 times that of 
the controls. 

Further Studies on Suhsiiiuted Oxazolediones. Roger W. Stoughton and 
J. H. Baxter, Jr. (by invitation), Vanderbilt University School of Medi- 
cine. 

More examples of 5 , 5-dialkyl-2 , 4-oxazoledlones, R, R' — C — CO — ^NH — CO, 

1 0 * 

showing hypnotic action have been synthesized. Several short-acting hyp- 
notics, wth substituents in the 5-position totaling eight to ten carbon atoms, 
and sho^ving a greater margin of safety between the effective and lethal doses 
than those previously reported, have been investigated. One series of phenyl 
alkyl compounds has also been studied. 

The pharmacological examination of one long-acting compound, 5,5-di-n- 
propyl-2,4-oxazoledione, has been completed. No contraindications against 
giving it a clinical trial were found. Doses up to 100 mgm. per kilogram have 
been given to patients without unfavorable consequences and vdth good seda- 
tion and relaxation. 

Effects of Chronic Nicotine Poisoning of Rais on Viability^ of the Young and on 
the Adrenal Gland. C. H. Thienes and (by invitation) C. F. Lombard 
AND A. J. Leser, University of Southern California. 

Litters of in-bred rats were divided into two groups of 25 pairs each. Both 
males and females of one group received 2 mg./kilo. of nicotine (in N.S.) 
twice daily by subcutaneous injection for 8 months; the second group served 
as controls and received normal saline in corresponding volume. As young 
were bom the litters were divided equally, both males and females. Half 
of the young received nicotine injections, half saline, so there were four groups 
of second generation rats, which were injected for a period of 8 to 12 months, 
records of 3rd generation young were kept. The nursing period mortality 
among the young of the nicotine series was 73 per cent of the first generation, 
47 per cent of the second generation, while in the control series, mortality was 
31 and 34 per cent respectively. These differences were statistically signif- 
icant. 

To determine whether the effect of nicotine was on males, females or both, 
three groups of 40 pairs each were tested for 6 months. In one group, only 
females were injected with nicotine, in another group, only males were in- 
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jectcd and the third group uero controls Mortalities during the nursing 
pciiod ^^e^c 62, 41 and 42 per cent respcctn 
Adrenal glands of both injected males and females were enlarged and 
contained nearly twice as high a concentration of cpincphnnc as adrenals 
from controls 

The Tramfer of Bismuth tnto the Fetal Circulation after (he 2lfa(crnal Ad- 
minislration of Sohismiml H E Tho'Mpson, Jr , Ph D , L T Stead- 
Ai\N, Ph D and W T Pommerenke, M D (introduced by G P Grab- 
field), Um\ ersity of Rochester School of Medicine and Dentistry and Strong 
Memorial Hospital 

Using a recently developed spcctro-chcmical procedure capable of measuring 
less than 0 1 micro-gram of bismuth, the authors were enabled to determine 
quaiititatu ely the prompt appcaiancc of bismuth m the maternal and fetal 
blood streams, and m the placenta and exsanguinated umbilical cord, after 
the oral administration of Sobisminol to parturient women The sensitivity 
of the method commends it for the analysis of biological material in which 
the bismuth concentration is low 

Studies on the Absorption of Some Digitalis Preparations from the Gaslro- 
Intestinal Tract tn the Cat and Man Janet Traveli. and Harr^ 
Gold, Cornell Unucrsity Medical College 

Absorption after oral administration was dcteimincd in the cat by the 
method of intravenous titration with ouabain, and in patients by a compari- 
son of the effects of oral and mtra\ onous doses of the preparation under con- 
trolled conditions at different times, usually in the same individual 
In cats only a small proportion, usually about 25 per cent, of the potent 
principles in the dose of tincture of digitalis is absorbed from the gastroin- 
testinal tract, and the per cent varies for different specimens of leaf The 
tmeture of digitalis is as well absorbed from the gastrointestinal tract when 
it IS freshly prepared as when it is sei eral j cars old Digitoxin-like prepara- 
tions are practicallj completely absorbed after oral administration Their 
absorption occurs not onlj from the small intestine but also from the ligated 
stomach under suitable conditions ^Ye have indications that the pH and 
the concentration of alcohol influence absorption from the stomach Lanato- 
side C is absorbed much less rapidly and completely than is digitoxin 
Experiments in man support the statement of Hatcher and Eggleston that 
the gastrointestinal absorption of digitalis and its purified preparations 
parallels that in the cat Lanatosidc C which is poorly absorbed in the cat 
is also poorly absorbed m humans, as indicated bj the fact that equivalent 
therapeutic doses of this glucoside arc about 4 cat units by intravenous in- 
jection and about 40 cat units bv oral administration The digitoxm-like 
materials which are almost completely absorbed in the cat, are also well 
ab«ioibed in man since the mtra\ onous and oial digitalizing doses are the 
same, about 3 cat units 1 his dose has the same effect as about 20 cat units 
of digitalis given orally 

Solubility Experiments with Posterior Lobe Pituitary Ponder tn 0 $5 Per Cent 
Acetic Acid John A Yaichulis (introduced by Harold N Ets), 
Lovola Unuereity School of Medicine 

Posterior lobe pituitarv powder was prepared according to the official 
U S P XI method, and solutions containing varying amounts of powdei 
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per cc, were made up according to the official method. The minimum total 
volume had to be 10 cc. for an accurate transfer of the macerated powder 
from the mortar. From the original solutions, dilutions were made with 
0.25 per cent acetic acid so that each solution would contain 1 mgm. of 
powder per cc. The assaj^s on cats and chickens are summarized in the 
following table: 


NUMBER or EXFERniEKTB 

1 

POWDER PER CC. 

PRESSOR HORMONE 
RECOVERED 

OXTTOCIC HORMONE 
RECOVERED 


mjrm. 

p«r cent 

per eenl 

4 

20 

100 

100 

4 

30 

95-100 

90-95 

4 

40 

90-100 

85-90 

2 

60 

80 

80 

2 

100 

50 

50 


Effects of Anterior Pituitary Lake Substance on Carbohydrate Metabolism. 

Ben Vidgoff and Rosa Kubin (introduced by N. A. David), University 

of Oregon Medical School. 

Since recent work has indicated the diabetogenic effects of certain pituitar}*' 
extracts, we thought it pertinent to undertake a stud 3 ’’ of the effects of con- 
tinued administration of the much used anterior pituitary-like substance on 
carbohydrate metabolism. 

Ta^elve white male rabbits were divided into 3 equal groups, one animal 
in each group serving as a control. One of the treated animals received 100 
I.U. of A.P.L. daily, another received 500 I.U. of A.P.L. daily and the third 
was given 1000 I.U. of this substance daily. Prior to treatment the rabbits 
were kept on a stock diet (rabbit pellets and greens) for 2 weeks after which 
a sugar curve (normal control) was obtained by injecting 1 unit Insulin per 
Ealogram bod}’’ weight. After treatment, additional sugar curves were ob- 
tained on both normal and treated animals at intervals of 2 weeks to 1 month. 
Several of the animals were sacrificed after 9 weeks of treatment in order to 
investigate short intei^^al and high dosage effects. The remainder of the 
animals were treated for 7 months to investigate the effects of lower dosage 
over a long period of time. No significant change in the sugar curv’e was 
noted for any animal. Histological study of the tissues is now being made. 

On the Mechanism of Carbon Monoxide Poisoning. W. F. von Oettingen 

AND (by invitation) D. D. Donaitoe and P. J. Valaer, the National 

Institute of Health, Bethesda, Marjdand. 

One of the most oustanding features of CO poisoning is a rise of the spinal 
and intracranial pressure which presumabl}’’ is responsible for the immediate 
or late effects of CO on the central nervous system. In order to establish 
the best therapeutic procedure for the prevention and reduction of these 
pressure changes, experiments were carried on in dogs anesthetized by the 
intraperitoneal injection of sodium amytal. Changes of spinal and^ intra- 
cranial pressure, of arterial and venous blood pressure, of heart and respiratory 
rate, of minute and respiratory volume, and of the carbon dioxide, carbon 
monoxide and oxj^gen content of the blood were studied during exposure to 
different concentrations of CO. 

Exposure to concentrations of 1 per cent CO in air resulted within a few 
minutes in a progressive increase of the spinal and intracranial pressure 







rnOCEEDINGS 


43 


^\hlch in the beginning A\as affiliated ^\^th stimulation of the respiratorj rate 
and a pnmary incicase of the blood pressure, but which continued to rise 
after both respiratorj and circulatorv functions ^\erc on the declmc The 
increase of the respiratorj rate was not paralleled b\ a pioportionatc increase 
of the minute \olume, so that the respiratorj aolume was reduced The 
carbon dioMde content of the blood was moderatclj increased and the oxygen 
content was decreased as the concentration of CO in the blood increased 
jThc concentration of CO hemoglobin at death was 81 5 per cent (median of 8 
experiments) and death occurred wathin a median of 35 minutes 
With exposure to concentrations of 0 25 per cent CO in air the action was 
delajed and anunals sur\i\cd for 112 minutes, the final concentration of CO 
hemoglobin in the blood being 73 per cent (median of 10 experiments) 
Changes of the phjsiological functions were of similar nature as observed m 
the first senes, although more protracted, and 6e\ eral phases could be distin- 
guished which maj overlap each other (1) a pnmary stimulation of the 
medullary centers resulting m increased respiration, rise of blood pressure 
and slowang of the heart rate, (2) a depression of the peripheral \ oscular 
tone, charactenzed by a fall of the arterial and xenous blood pressure, (3) 
a depression of the cardiac action indicated b\ a fall of the artenal and rise 
of the venous pressure, and (4) a final rise of the xenous pressure shortly 
before death xvhich ^^c are inclined to bclioxe associated xvith a reduction of 
the intrathoracic space caused bj stasis and possibly bj edema of the lungs 
Dunng the first stages the spinal and intracranial pressure tended to rise, 
dunng the final stages thej x\crc generallj on the decline, presumably on 
account of a shift of the blood from the periphery to the splanchnic organs 
In the second stage of the poisoning the increase of the respiratorj rate is 
presumably due to a stimulation of the carotid sinus 
When the exposure to CO xxas discontinued after approximate^ 60% 
of the hemoglobin was conxerted to CO hemoglobin and the animals were 
allowed to inhale air, the spinal pressure first continued to nse, which increase 
was paralleled bj disfunctioning of the peripheral and central circulatory 
apparatus As the animals recovered from the acute exposure the spinal 
pressure decreased but persisted on an elevated lex el for from 3 to 4 hours, 
during which time the circulation had apparently partly recovered from the 
acute exposure to CO After this penod the heart and circulation gave again 
evidence of beginning failure and this x\as paralleled bj a second nse of the 
spinal pressure This delayed failure of the circulation occurred at a tune 
when the CO hemoglobin concentration m the blood was reduced to about 15 
per cent so that it cannot he explained on the basis of an existing anoxemia 
but that it lb evidently due to some slowlj dex eloping injury of the circulatory 
apparatus 

Effect of Acclylchohne DeriiahteSf and Certain other Drugs upon Artificially 
Induced Auricular ribnllation in the Intact Dog Edward W Wai^lace, 
Universitj of Cincinnati 

Dogs were anesthetized with Nembutal and auncular fibrillation induced 
*“ith a Jackson esophageal electrode and a variable electronic inductoiium 
After throwing the auricles into fibnllation a time or two the effect became 
more permanent and xvould last sex oral hours xxathout further stimulation 
A senes of drugs acting on the conduction and refractory period of the heart 
were then injected intravenously to obserxe effects on cardiac arhythmio 
Quinidine and other cinchona alkoloids reestablished normal rhj'thm 
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Epinephrine and derivatives had no effect on the auricular fibrillation. 
Parasympathetic paralysants such as atropine did not disrupt the arhythmia, 
nor did nicotine. Acetylcholine, however, in doses which caused a sharp fall 
in the blood pressure, and momentary arrest of the heart, repeatedl}^ and 
almost invariably restored normal rhythm. Derivatives of Acetylcholine 
such as Acetyl-bet a-methylcholine, and Carbaminojd choline, also restored 
normal rhythm if given in doses large enough to cause an appreciable, sudden 
drop in blood pressure, and cardiac arrest. However, it was necessary to 
administer atropine, along with cardiac massage in order to prevent secondary’’ 
collapse from an overdose of these drugs. In this respect Acetylcholine is 
superior in that the body has its own automatic antidote for the large dose 
necessary’’ to momentarily arrest the heart and permit reestablishment of the 
normal rhythm. Clinical experiments are now under way. 

Observations on Ration Shifts folloiving Magnesium and Calchim Injections} 
George B. Wallace and Bernard B. Brodie (by invitation), New 
York University College of Medicine. 

A\Tien magnesium is injected, a part var>mg up to 30 per cent is bound by 
the tissues and the remainder is extracellular. This extracellular magnesium 
is diffusible since it passes readily into peritoneal cavity fluid. TMiereas the 
extracellular magnesium is all excreted within 24 hours, the intracellular 
portion is still retained after 48 hours, at a time when the magnesium serum 
level and excretion have returned to normal. 

The injected magnesium has difficulty in passing into the cerebrospinal 
fluid. With a serum level of 18 mg. per cent, the C.S.F. magnesium rises 
from a level of 2 to a maximum of 3.5 mg. per cent. Coincident with the rise 
in C.S.F. magnesium, there is a small but consistent rise of C.S.F. calcium. 
Apparentl 3 ’' there exists a corresponding barrier for injected calcium, for with 
a serum calcium of 26.0 mg. per cent, the C.S.F. calcium rises from a level of 
5 to only 6.3 mg. per cent. With the rise in C.S.F. calcium after calcium 
injection, there was found a small rise in C.S.F. magnesium, as w’cll as in 
serum magnesium. During magnesium narcosis there is a pronounced drop 
in serum potassium, but little change in the C.S.F. potassium. 

Pharmacological Studies on levo-N-Ethyl Ephedrine Hydrochloride (Nethamine 
Hydrochloride), II, Effect on Bronchioles, Uterus, Small Intestine, Stomach, 
and Pupil. M. R. Warren, T. J. Becker, D. G. Marsh, and R. S. 
Shelton (introduced by E. K. Gelling), Research Laboratories, The 
Wm. S. Merrell Company. 

The perfusion method w^as used in preliminary experiments to determine 
the effect of levo-N-ethyl ephedrine hydrochloride on isolated lungs of rabbits 
and cats. Results indicate that levo-N-ethyl ephedrine hydrochloride and 
levo-ephedrine hydrochloride relax normal bronchioles to approximately 
the same degree. 

Results of experiments on decerebrate dogs indicate that levo-N-ethyl 
ephedrine possesses both musculotropic and neuro tropic action. This response 
w^as compared to that of the hydrochloride salts of levo-ephedrine and dl- 
phenyl-l-amino-2-propanol-l . 

The effect of levo-N-ethyl ephedrine hydrochloride on isolated uteri of 
^ Aided by a grant from the Dazian Foundation. 
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virgin guinea pigs and rabbits was compared to that of the hydrochloride 
salts of levo-cphedrine, dl-j3-phcnylisopropylaminc and dl-phcnyl-l-amino-2- 
propanoM. All of these compounds produce the same qualitative effect but 
differ quantitatively, 

Levo-N-ethyl ephedrine usuallj’’ relaxes strips of the isolated small intestine 
of rabbits. At times a stimulation is produced. Similar reactions were ob- 
tained with the hydrochloride salts of levo-cphedrine, dl-phenyl-l-amino-2- 
propanoI-1 and dl-iS-phenylisopropy famine. Preliminary experiments on the 
stomach in situ indicate that Icvo-N-cthyl ephedrine produces a definite 
inhibition of gastric peristalsis. 

The mydriatic action of levo-N-ethyl ephedrine is negligible following 
irrigation of the eye with a 1 per cent solution. Intravenous administration 
of 25-50 mgm./kg. increases mydriasis but to a lesser degree than similar 
amounts of levo-ephedrine hydrochloride. 

Oxygen Therapy in the Relief of Fatigue in Relation to Flying. R. A. 

Waud and Ward Smith (by invitation), University of Western Ontario 

and London Association for War Research. 

The effects of administration of various drugs including oxygen on fatigiie 
was studied in guinea pigs. The animals were exercised on a tread-mill while 
being subjected to a rarefied atmosphere in a decompression chamber. It 
was found that if oxygen was supplied when the working ceiling of the particu- 
lar animal was reached, fatigue did not set in and that the ceiling of the 
animal could be raised by at least 8,000 to 10,000 feet. 

The Effects of Benzedrine, C j^per- 

ature and Gaseous Meta . ■ ' " > . ' ' h W. 

Werner (introduced by : ! '! 

Previously reported experiments indicated that, vith doses used, benzedrine 
and coramine were more effective than metrazol and picro toxin in antagonizing 
the depression of body temperature which followed the oral administration 
of 7 cc. per k^. of alcohol. An attempt to explain these results led to work 
herein partially summarized. 

In control experiments the administration of alcohol was usually followed 
in 2| hours by a maximal lowering of body temperature which remained 
nearly constant until at least 9j hours after giving alcohol. Although in 
some experiments metabolic rate increased 2§ to 4 hours after alcohol adminis- 
tration, at later periods the rate was near or, in one of six experiments, 
considerably below the pre-alcohol level. 

Determinations to 2J hours after giving analeptics (5j to 7 hours after 
alcohol) showed that benzedrine and coramine were most effective in in- 
creasing body temperature while benzedrine and metrazol most consistently 
increased metabolic rate at this period. 

At the period SJ to hours after giving analeptics (9^ to 11 hours after 
alcohol) rectal temperatures and metabolic rates were usually near the pre- 
analeptic level, but increased metabolic rates were observed in some experi- 
ments with each of the analeptics. 

The Inactivation of Choline Esterase by Morphine and Derivatives. Charles 

I. Wright, National Institute of Health. 
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Bernheim (J, Pharm. <fe Expcr. Therap. 67, 427, 1936), using a pharmaco- 
logical method, found that choline esterase was inactivated by morphine. 
Slaughter and Lackey (Proc. Soc. Biol. & Med. 46, 8, 1940) were unable to 
confirm the in vitro inhibition of choline esterase by morphine. That serum 
and brain choline esterase are inactivated by morphine, dilaudid and dihj’^dro- 
desoxymorphine-D can be shown by the manometric method. The measure- 
ments were made at 37,5®C. under an atmosphere of 95 per cent N 2 and 5 per 
cent CO 2 . All materials were dissolved in bicarbonate Ringer*s solution. 
Acetylcholine (2.5 rag.) was placed in the side arm and the choline esterase 
and morphine in the main vessel. Total solution volume was 3.0 cc. 

The table shows the percentage inactivation of senim and rabbit brain 
choline esterase by the three drugs at concentrations (mg. in 3.0 cc.) shown 
in the first column. The inactivation was calculated on the basis of the 
CO 2 produced at 45 minutes. 



DOO BERUU (O.M CC.) 

DRAIN (8.0 ua.) 

DRUG CON- 
CENTRATION 

Morphine | 

1 Dilaudid 

j Dcsoxy-D j 

j Morphine 

1 Dilaudid 

1 Desoxy-D 


per cent inactivation 

mg. 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

0.25 

CO 

20 

37 

15 

18 

46 

0.50 

27 i 

33 

52 

25 

26 

64 

1.0 

45 ! 

44 

ea 

40 

38 

80 

2,0 

60 1 

58 

81 

53 

41 

94 

4.0 1 

77 

63 

85 

73 

67 

100 


The inactivation by dih^^’drodesoxymorphine-D was much greater than 
by morphine or dilaudid. The degree of inactivation of choline esterase 
by codeine varies widely, depending on the source of the enzyme. 

A Study of the Possible Toxic Effects of Prolonged Formaldehyde Ingestion. 

F. F. Yonkman, a. J. Lehman, C. C. Pfeiffer, and H. F. Chase (by 

invitation), Wayne University. 

Two male subjects were placed on daily consumption of pure formaldehyde 
in water. Beginning with 22 mgm. per day for the first fourteen days, every 
seven or fourteen days the daily dosage was increased until 200 mgm. were 
consumed daily during the thirteenth week. Contrary to Wiley^s findings in 
1908, periodic blood samples revealed no significant changes in hemoglobin, 
red or white cell number or morphology and all urines were persistently 
negative when tested for free formaldehj^de and albumin. One subject 
complained of mild pharnygeal and gastric discomfort when the formaldehyde 
reached a concentration of about 1 :3500. This was obviated when the same 
daily dose of formaldehyde was taken in two glasses of water or a concen- 
tration of approximately 1:7000. The second patient did not experience 
this mild discomfort until a concentration of about 1:2500 was attained. 
This likewise was rectified by increasing the dilution. How long this con- 
sumption of pure formaldehyde could have been endured is problematic, but 
one concludes that when taken in large amounts but sufficiently diluted so as 
to cause no or only slight pharjmgeal or gastric discomfort, formaldehyde 
ingestion might be long continued without significantly altering the blood or 
urinary picture. Feeding of formaldehj^de-containing foods to rats confirmed 
the low toxicity of this aldehyde. 
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Effect of Lipoiodme^N N' 7? Therapy on Maternal and Petal Blood Iodine 
r B Zener ^nd Nilk^nth Phvt\k (bj imitation) and KoR^UN A 
Dvvid, Uni\er&it\ of Oregon Medical School 

Wc Imc alrcad\ reported tint blood iodine \ allies of both iodine treated 
(Lipoiodme-Ciba, N N R , 1 tablet dail\ during si\ months before deli\ery) 
and iodine untieated piegnant induidinK attain a high normal lc\el (24 2 y 
per cent) at term This \aluc falls to beti\cen 15 and 18 y per cent b\ 6 
Mci'ks post partum During this time, much of the mother’s blood iodine is 
lost through colostrum and milk (Leipcrt 1934) 

In 47 treated and untreated cases ‘^lmult'lneous determination of maternal 
and fetal (cord) blood iodine content at parturition shoaed no correlation 
between thc^e two blood iodine \ allies When the mothers were gi\en 
Lipoiodinc dunng pregnanej , the maternal blood iodine at term was relatn ely 
high (27 2 j per cent) but the fetal blood iodine aalues were still within 
normal (adult) range of 8 0 to 14 0 } per cent The actual a\ erage blood 
iodine a allies for the 47 cases were mateinal blood iodine 24 1 j per cent 
and coid blood iodine 11 6 pci cent Apparently an increase in maternal 
blood iodine does not raise the fetal blood iodine lc\el It is believed that 
the increased maternal blood iodine is in some organic combination with the 
maternal blood piotems or hpids m an “inactn e” form Our results indicate 
that iodine therapj meets the metabolic needs of the grav id indiv idual wath- 
out affecting the fetal metabolism 

Demonstrations 

1 An All-Glass Lndmg Stromuhr Jvck Nichols (by mvitation) and 

C H TniENEs, Unuersitj of Southern California 

2 Artificial Respiration Pump Using Compressed Air and Vaamm C H 

Thienes vnd H r Wilkins (bj invitation), Universitj of Southern 
California 

3 Composite Graphs, ^ladc by Students, as a Means of Presenting and Control- 

ling \U Experimental Residts Obtained in Class-Work J Auer, A 0 
Shaklee (bj imitation) and H Krueger, St Louis University School 
of jVIedicme 

4 A Mouse Holder Paul D Lvmson Vanderbilt University School of 

Medicine 

5 An Electrical Stimulator for Class Use in Physiology Entirely Operated by 

110 Volts 1C S A Peoples, University of Alabama School of 
Medicine 

Motion Pictures 

1 Metrazol convulsions in normal and neurotic rats N R F Maier (by 
invitation) and Jacob Sacks, University of Michigan 



A COIMPARISON OF EPHEDRINE AND ESERINE 

J. D. P. GRAHAM and M. R. GURD 
From the Nttfleld Inshtxitc for Medical Research, Oxford 

Received for publication January 20, 1941 

A new conception of the action of epheclrine was advanced by Gaddum and 
Kwiatkowski in 1938. They showed that ephedrine in low concentrations 
increases the action of adrenaline on a variety of preparations. They showed 
later that a substance indistinguishable from adrenaline is liberated by sympa- 
thetic stimulation in the perfused rabbit ear, and that this aFo is increased 
in action by ephedrine (Gaddum and Kwiatkowski, 1939). They suggested 
that ephedrine acted in this way by inhibiting the amine oxidase described 
by Blaschko, Richter and Schlossmann (1937), which Gaddum and Kwiat- 
kowski held to be responsible for the physiological inactivation of adrenaline; 
the suggestion was, in fact, that ephedrine acted upon the adrenaline-amine 
oxidase system in a manner analogous to the action of eserine on the acetyl- 
choline-cholinesterase system. Further evidence (Richter, 1940) has indi- 
cated that amine oxidase is probablj’ not concerned in the physiological in- 
activation of adrenaline, but the basic theory" of Gaddum and Kwiatkowski 
need not necessarily be abandoned, it can be shown that the physiological 
destruction of adrenaline is enzymic and that the enzyme is inhibited by 
ephedrine. 

There is alread 3 " considerable evidence of an analog}’’ between the actions 
of eserine and other anticholinesterases on the one hand, and ephedrine and 
some other phenjdisopropylamine derivatives on the other. Both groups 
have been shown to increase some of the actions of the corresponding autono- 
mimetic substances under particular conditions, while under other condi- 
tions these actions are depressed. Direct comparisons between members of 
the two groups do not however appear to have been made, and it seemed to 
us desirable to compare the effects of various concentrations of ephedrine and 
eserine on the actions of adrenaline and acetylcholine respectivel}’^, in a 
variety of preparations under similar conditions, and to examine the relations 
between concentration and effect with the object of finding how far the two 
effects are analogous. The following preparations were used: perfused frog 
heart, cat blood pressure, cat limb volume, perfused rabbit ear, isolated rab- 
bit gut and cat nictitating membrane. 

Perfused frog heart. Frog hearts were perfused in situ with frog-Ringer 
solution (Howell) using a Greeners cannula. The perfusing fluid was led 
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from a Marriottc bottle to the cannula, which was tied into the venous end 
of the heart; the fluid escaped from cuts in tlio aortae. In this way a con- 
tinuous flow of Ringer was maintained at any required pressure. Another 
Marriottc bottle and a two-way tap permitted of perfusion at the same pres- 
sure -vith Ringer solution containing drugs. The effect of 0.5 fig adrenaline 
in 0.2 cc. saline, injected directly into the cannula, wa.s recorded first. After 
acting for one minute the Ringer was washed out three times ita the side 
tube and the heart allowed to rest for five minutes. When repeated adminis- 
trations of adrenaline gave similar effects the perfusing fluid was altered to 
Ringer solution containing ophedrine After fifteen minutes perfusion of the 
heart, and again after thirty minutes, the same dose of adrenaline was re- 
peated. The perfusing fluid was then changed back to plain Ringer and fur- 
ther doses of adrenaline given in fifteen and thirty minutes. In this way the 
effect of constant perfusion of ephedrine solution upon the action of a fixed 


TABLE 1 

Summary of experiments on isolated organs 


cokckntration or 

EPUEOalNfi OR 

esehikc 

raoo HEART 1 

1 BASS IT ear 

EfT^t of ephedrine i 
on action of I 

adrenaline 

Effect of eserine 
on action of 
acetylcholine 

Effect of ephedrine i 
on action of 
adrenaline 

Effect of eserine 
on action of 
acetyl choline 

10-> 

0 

0 

+ 

0 

I0-* 

+ 1 

+ 1 

-f 

+ 

10-» 

+ 

+ 

+ or - 

+ 

10-* 

+ 

+ or - 

- 

+ 

10-* 

_ 

— ! 

— 

— 

10-* 

- 1 


Abol. 

- 

10'* 

Abol. 

Abol. 1 

Abol. 

Abol. 


0, no effect, +, potentiation; abol., abolished; — , depression 


dose of adrenaline could be recorded. The same technique was used in de- 
termining the effect of perfusion with various concentrations of cserine on 
the action of O.l pg acetylcholine. 

A summary of the results of these experiments is given in the second and 
third columns of table 1, and it will be seen that low concentrations of both 
drugs increase, while high concentrations diminish the action of adrenaline 
or acetylcholine. 

Figure 1 illustrates some of the results. Ephedrine 10“* increases (a), 
while ephedrine I0“® diminishes (b), the action of adrenaline. Figure 1 
(c) shows the potentiation of acetylcholine action by eserine 10"^. Escrine 
in a concentration of 10“® usually diminished the action of acetylcholine, but 
in one experiment a curious reversal of the customary effect was seen at this 
concentration (fig. Id). At this and stronger concentrations eserine was 
markedly toxic to the frog heart; ephedrine also was toxic at concentrations 
of 10“* or more. 
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It is evident that the effects of ephedrine and eserine are similar and that 
the relations between concentration and effect are also similar in the two cases. 

Blood 'pressure of cat. Some twenty spinal and nembutalized cats were used 
for tliese experiments. The majority of the ephedrine experiments were done 
on spinal cats, wliile most of the eserine experiments were carried out on 
nembutalized cats, as it was difficult to obtain a spinal preparation vdth a 
sufficiently liigh initial blood pressure for the latter expenments, in which the 



Fig. 1. Isolated Frog Heart 

(a) Action of 1 ^xg of adrenaline, before (1) and during (2) perfusion with ephedrine 

io-«. 

(b) Action of 1 ^tg of adrenaline, before (1) and during (2) perfusion with ephedrine 
10 - 5 . 

(c) Action of 0.05 pg of acetylcholine, before (1) and during (2) perfusion with eserine 
10 - 7 . 

(d) Action of 0.05 fig of acetylcholine, before (1), during (2) and after (3) perfusion 
with eserine lO"®. 


blood pressure level was liable to get progressive!}' lower owing to the large 
amounts of eserine and acetylcholine given. Some experiments with eserine 
were made however on spinal cats, and some with ephedrine on nembutalized 
cats; the results were substantially the same on either preparation. Blood 
pressure was recorded from the carotid artery and all injections were made 
into the external jugular vein; in nembutalized animals the vagi were cut and 
artificial respiration was given if and when necessary. 

The doses of adrenaline which were used varied, from 1.66 to 12.5 pg per 
kilogram and those of acetylcholine from 0.12 to 0.66 ^tg per kilogram. In 
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anv one expcnmtnt the dose of one of tlicsc drug's ^\^ls constant tliroughout 
the expenment and doses ^\cre guon at regular inter\aK \mtil a senes of 
constant responses had been obtained, after \\luch an intia\tnous injection 
of ephednne or escrine, the ease might be, \i as gi\ en, and the series of doses 
of adrenaline or acct\ Itliohnc continutd Fuithcr larger do^es of eplicdnnc 
or csenne A\erc then guen and furthti increase oi diminution of the action 
of aflrenahne or ncetjicliolme obscr\cd The range of doses of ephednne 
used nas from 0 005 to 28 0 mgm per kilogram and of eseiine from 0 0012 
to 1 7 mgm per kilogram 

The results of the blood pics=uic experiments are summarized in the second 
and third columns of table 2 

As m other pieparations both ephednne and C'sciine in small concentra- 
tions increased the action of the corresponding autonomimetie substance, 

TABLL 2 


Sujmmiry of expertynenis on entire nntmah 



CAT BLOOD rni:!»DltE j 

1 CAT LI^IB 

VOLUME 

i:mEDmN£ or 

Effect of ephednne* 
on action of 
a Ircnaline , 

Effect of csenne 
on action of 
acetyl choline 
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Effect of isienne 
on action of 
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— 
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1 

i 
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• In one experiment on tlie effect of cpliedrine on cit blood pres<'urc the dosigc 
levels differed from those given above This expdimeiit is described m the text 


and in higher conccntiations diminished thc'^c actions These effects ucie 
ne\cr xerj great, and did not occiu at all in '?omc animals 

Figure 2 «5ho\\s the effect of rphodrine on the action of a constant dose of 
adrenaline in spinal cats The iippci tracing shows the increase m tlie adren- 
aline action produced b} a dose of 0 003 mgm per kilogiam of ephednne (a) 
and the further small iiicicasc jiroduccd b^ a further do‘'C of 0 03 mgm pei 
kilogram (b) The lower tracing (from another animal) 'shows the diminu- 
tion in adrenaline action pioduccd hj a do-'C of 0 05 mgm per kilogiam 
of ephedrme (c) and the furthei diminution pioduccd be a dose of 0 5 mgm 
per kilogram (d) To facilitate tompanson the actual heights of the rises 
in mm of Hg ha^e been maikcd on the tracings 
Tlie do-'age le\cl at which the effect of ephcdime changed from an increase 
in adienahne action to a diminution was usualb witliin the limits 0 05 to 0 5 
mgm per kilogram as shown in table 2 In one exceptional ease howciei a 




Fig. 2. Blood Pressure of Spinal Cat 

Effect of ephcdrine on pressor action of a constant dose of adrenaline. Numbers 
indicate height of rise in mm. of mercury. 

Upper tracings: Pressor responses to equal doses of 5 Aig/kgm. of adrenaline. A dose 
of 0.003 mgm./kgm. of ephcdrine injected at (a), and 0.03 mgm./kgm. of ephedrinc 
injected at (b). 

Lower tracings: From another animal. Pressor responses to equal doses of 5;ig/kgm. 
of adrenaline. A dose of 0.05 mgm./kgm. of ephcdrine injected at (c), and 0.5 
mgm./kgm, of ephcdrine injected at (d). (The two tracings are not reproduced to the 
same scale.) 
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Figure 3 ^how^? the effect of cvcririe on the action of acctjlchohne in a nem- 
butahs'cd cat Siicce«i‘?i\o do'^cs of 0 0012 (a), 0 012 (b), and 0 12 (e) mgm 
per kilogram of esonne cau&cd ‘mcccssl^ e increases m the depressor action of 
0 12 pg per kilogram of acctjlchohne A doec of 0 70 mgra per kilogram 
(d) reduced tlie respon'^e nppro\imatolj to its original «;ize, although its 
duration ^\as greater, and a further dose of 1 70 mgm per kilogram (c) low- 
ered Uic blood pressjure lc\cl considcrablj , and the action of atct\ ichohne 
was still fuither diminished part of this diminution doubtless being due to 
thr lower initial level 



a b c d e 

Tig 3 Btood Pressuke of Isembutaused Cat 
CftLct of eserinc on depressor action of a constnnt dose of 0 12 jig/kem of acetyl 
choline ' ‘ ' 1 iL r ofmercurj Doses of cscrine injected 

as follows 1 Agm (b) 012 mgm Agm (c) 0 7 

mgm Agn 


Blood vessels of cat*s limb Tlic vascular effects m the skeletal vessels of 
the cat v\ere investigated bj enclosing the forclimb in a plethj «:mograph and 
recording the volume changes m the limb, injections wore made inti av enouslv 
Tiu upper tracing m figure 4 shows the effect of ephednne on the vasocon- 
striction produced in a spinal cat bj a do^o of 3 0 pg per kilogram of adrenaline 
A fall m the tracing represents constriction and the figures give the depth of 
the fall m mm on the original tracing A dose of 0 0003 mgm per kilogram 
of ephednne (a) increased the action of adrenaline, doses of 0 003 (b) and 0 03 

(c) mgm per kilogram increased it further, while 0 30 mgm per kilogram 

(d) reduced it to about its ongmal size and 1 40 mgm per kilogram (e) di- 
minished it still further 

The lower tracing m figure 4 shows the effect of cscrine on the vasodilata- 
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tion produced in a nembutalized cat by a dose of 0.3 ng per kilogram of acetyl- 
choline. A dose of 0.0003 mgm. per kilogram of eserine (a) had no effect, 
while 0.003 mgm. per kilogram (b) caused a small increase in the action of 
acet3dcholine. A dose of 0,03 mgm. per kilogram (c) increased the action 
further, but 0.30 mgm. per kilogram (d) reduced the response to about its 
original size, and a further dose of 1.30 mgm. per kilogram (e) abolished the 
action of acetylcholine. 

The results of the pleth^^smograph experiments arc summarized in the 
fourth and fifth columns of table 2. The number of experiments was not 
sufficient to establish the dosage levels with certainty, but here again the 
effects of ephedrine and eserine were closed" parallel and the relations betwei^n 
concentration and effect were similar. 




Fig 4, Volume of Forelimb of Cat 

Fall in tracing indicates vasoconstriction, rise indicates vasodilatation. Numbers 
indicate height in mm. of rise or fall on original tracing. 

Upper tracings: Vasconstrictor responses to equal doses of 3/ig/kgm. of adrenaline 
in a spinal cat. Doses of ephedrine injected as follows: 0.0003 mgrn./kgm. (a);*0.003 
mgm./kgm. (b) ; 0.03 mgm./kgm. (c) ; 0.3 mgm./kgm. (d) and 1.4 mgm./kgm. (e). 

Lo>\er tracing: Vasodilator responses to equal doses of 0.3 pg/kgm. of acetylcholine 
in a nembutalised cat. Doses of eserine injected as follows: 0.0003 mgm./kgm. (a); 
0.003 mgm./kgm. (b); 0.03 mgm./kgm, (c); 0.3 mgm./kgm. (d) and 1.3 mgm./kgm. (e). 

Perfused rabbit ear. Both ephedrine and eserine were investigated on the 
perfused rabbit ear preparation of Gaddum and Kwiatkowski (1938). The 
ear was perfused with cold ox 3 ’’genated Locke solution, and b^’’ means of a 
two-waj” tap the perfusion fluid could be changed quicklj'' to Locke solution 
containing ephedrine or eserine. The perfusion pressure was varied bj'' using 
an adjustable stand. Injections of adrenaline or acetylcholine were made 
direetty into the arterial cannula. 

Adrenalin in doses of 0.01 to 0.1 Mg produced vasoconstriction, indicated 
in the tracings by an increase in height. After a number of doses of adrenaline 
had been given, the perfusion fluid was changed to Locke containing a known 
concentration of ephedrine and a further series of adrenaline doses was given. 
Figure 5 (a) shows the increase in the constrictor action of 0.01 Mg of adrenaline 
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produced bj perfusion ^\lth ephednne in a concentration of 10“^, and (b) 
shotts the big diminution m adrenaline action produced bj ephednne 10“^ 
The action of acetylcholine in the perfused rabbit cai is ^anable Dale 
(1914) observed a brisk vasodilatation after the injection of 5 0 pg of acct3l- 
choline, but Hunt (1914) A\as at first unable to obtain a vasodilatation He 
observed no effect with small doses, but obtained vasoconstriction with doses 
over 200 Aig Later Hunt (iOlS) was able to obtain the vasodilatation ob- 
served bj Dale with small doses, he found that if the drug was injected into 
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Fia 5 Pewfcsed Ra.bbit E'lU 

Rise m tricing indicates vasoconstriction 

(a) Constrictor action of 0 01 jig of adrenihne before (1 2), during (3), and 30 minutes 
after (4), perfusion w ith ephednne 10 ^ 

(b) Constrictor action of 0 01 pg of adrenaline, before (1, 2), during (3), and 30 
minutes after (4) perfusion uith ephednne 10 * 

(c) Constrictor action of 0 05 mgm of acetylcholine, before (I, 2), during (3), and 30 
minutes after (4) perfusion w ith esenne 10 ^ 

(d) Constrictor action of 0 05 mgm of acetylcholine, before (1, 2), during (3), and 30 
minutes after (4) perfusion with esenne 10“® 


a flesh rabbit ear preparation small doses were without effect while large 
doses (over 0 1 mgm ) caused constriction, but if the preparation had been 
perfused for some time, or ticatcd with a small dose of atropine, then small 
doses of acetjichohne produced vasodilatation 
In oui experiments we found that acetjlcholinc in doses fiom 0 001 to 
1 0 ^ig had no action at all, while larger doses (5 0 pg to 1 0 mgm ) caused con- 
striction These results were obtained coastantlj on a large number of 
preparations, both fresh and otherwi'^c On the other liand we found that 
intravenous doses of 0 1 to 1 0 pg of acetj Icholmc in the intact rabbit produced 
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vasodilatation in the ear, as recorded b}’’ a plcthysmograph. For the purpose 
of the present investigation the type of response to acetylcholine was unim- 
portant provided it was modified eserine. Figure 5 (c) shows the increase 
in the constrictor action of 0.05 mgm. of acetylcholine produced by perfusion 
with eserine in a concentration of 10“^, and (d) .shows the diminution in 
acetylcholine action produced hy eserine 10"^. 

The results of the rabbit car experiments are summarized in the fourth 
and fifth columns of table 1. The effects of the two drugs were again similar 
and parallel; the concentration levels at which changes of effect occurred 
were throughout about ten times greater for eserine tlian for ephedrine. 

Isolated intestine of rabbit. Isolated strips of rabbit jejunum were sus- 
pended in oxygenated Tyrode solution at 38.5®C. and a series of equal doses 
of cither adrenaline or acetylcholine given until a constant response was 
obtained. A dose of ephedrine or eserine was then added to the bath and 
allowed to act for a definite time, after which a further dose of adrenaline or 
acetylcholine was given. Any alteration in response was confirmed by wash- 
ing out the ephedrine or eserine and repeating the initial doses of adrenaline 
or acetylcholine. 

Unfortunate!}' it was not possible to demonstrate with certainty all the 
effects of ephedrine and eserine which were observed in other preparations. 
The only effect which was established without doubt was the diminution of 
the action of adrenaline by high concentrations of ephedrine which 

has already been shown by Finkleman (1930). Careful consideration of the 
results of a large number of experiments leads us to believe that potentiation 
did occur with low concentrations of ephedrine (10”* to lO”^) and eserine 
(10“*), and also that depression occurred with high concentration of eserine 
(10~® to 10”^), but the differences were very small and we do not consider the 
results conclusive. 

Nictitating meynbrane of the cat. The contractions of the nictitating mem- 
brane were recorded in nembutalized cats in which the superior cervical 
ganglion on the side recorded was excised immediately before the experiment. 
All injections were made intravenously. 

The upper row of tracings in figure 6 shows the effect of ephedrine on the 
contraction produced by 10 gg per kilogram of adrenaline. The figures show 
the heights in mm. of the contractions on the original tracings. Successive 
doses of 0.001 (a), 0,01 (b), and 0.1 (c) mgm. per kilogram of ephedrine pro- 
duced successive increases in the height of the adrenaline contraction. The 
last dose of 0.1 mgm. per kilogram ephedrine started the slow contracture 
of the membrane which was observed by Gaddum and Kwiatkowski (1938). 
A further dose of 0.5 mgm. per kilogram (d) of ephedrine caused an increase 
in the contracture, and the adrenaline contraction was now no greater than 
its original size; a further dose of 1.0 mgm. per kilogram (c) of ephedrine caused 
a further increase in the contracture and a further diminution of the adrenaline 
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contraction These diminutions m the adienalme contraction arc tiowever 
of little significance, since l^hen the later doses of adrenaline were given the 
membrane was almost completely contracted o\\ ing to the action of cphedrine 
The normal nicititating membrane is unaflfccted b> acetjlcliolinc and 
Rosenblueth and Bard (1932) have shown that there is no parasympathetic 
nerve suppl> to the mcmbianc Nevertheless Rosenblueth (1932) has shown 
that acetj Icholinc will cau'^e a contraction of the acutely donervated nic- 
titating membrane The lower row of tracings in figure 6 show’s the effect 
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Fio 6 Nictitating RIembhave of Cat 

Rise m tracing indicates contraction Numbers indicate height in mm of rise or fall 
on original tracing 

Upper tracings Responses to equal doses of 10 pg/kgm of adrenaline Doses of 
ephcdrine injected as follo^\s 0 001 mgm /kgm (a) 0 01 mgm /kgm (b),0 1 mgm /kgm 
(c) 0 5 mgm /kgm (d) and 1 0 mgm /kgm (e) 

' ’ ‘ * 10 ;ig/kgm of acetj ichohne Doses of 

a) , 0 01 mgm /kgm (b) , 0 1 mgm /kgm 


of c‘'erine on this action of acetylcholine (10 pg per kilogram) A dose of 
0001 mgm per kilogram of esenne (a) produced a slow contiacture of the 
mcmbiant «5omowhat ^imilai to that pioduced bj ephcdrine, and ‘^lightly 
diminished the acetj Ichohne contraction, v\hilc a do'?e of 0 01 mgm per 
kilogram (b) considerablj mcroa'sed the latter A fin ther do<?c of 0 1 mgm 
per kilogram of cscrinc (c) reversed the response of the membrane to acetj 1- 
choline, which now cau'icd a slow and lasting relaxation Turthei doses of 
0 5 mgm per kilogram (d) and 1 0 mgm per kilogram (e) diminished the 
relaxing action of acetj Ichohne 
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The experiments on the nictitating membrane are difficult to interpret. 
Low concentrations of ephedrine and eserine cause potentiation, but the 
effects of high concentrations are not clear. The ephedrine results are com- 
plicated by the prolonged contracture which makes it impossible to deter- 
mine whether or not the adrenaline effect is diminislied by high concentra- 
tions of ephedrine, while the reversal by cserinc of the acetylcholine action 
cannot be regarded as a diminution of the initial contractile action. 

DISCUSSION 

In the preparations which we have examined the effects of ephedrine and 
eserine on the actions of adrenaline and acetylcholine respectively have sho\ATi 
a close similaiity. Considering first the experiments on isolated organs, 
i.o., frog heart and perfused rabbit ear, in which the concentration of ephedrine 
or eserine in the fluid bathing the tissues was accurately known, concentrations 
of either drug up to 10"® had no effect, while concentrations of 10"® (and usu- 
ally 10"" also) produced potentiation i.e. an increase in the action of adrenaline 
or acetylcholine. Transition from potentiation to depression occurred in the 
region from 10“ * to 10”®, and at concentrations of 10"® and 10"^ the action of 
adrenaline or a cet^d choline was diminished, the degree of diminution becoming 
greater until at 10"^ the action was generally abolished. Considering next 
the blood pressure and plethysmograph experiments, in which the drugs were 
given intravenously to the entire animal, the transition from potentiation 
to depression occurred within the dosage range 0.05 to 0.5 mgm. per kilogram 
(with one exception mentioned below). Assuming the blood volume to be 
5 to 7 per cent of the body weight, this range of dosage corresponds with a 
range of concentration in the blood of from rather less than 10"® to rather 
less than 10"®, which is in reasonably" good agreement with the transitional 
concentration of 10"^ to 10"® found in experiments on isolated organs. Tlie 
results of experiments on rabbit intestine and on the nictitating membrane 
of the cat wore inconclusive and cannot be included in this scheme, although 
they' do not contradict it. 

The precise concentration or dosage levels at which these changes in effect 
occurred showed some variation both between different ty"pes of preparation 
and between different experiments on the same ty'pe of preparation, but when 
the limitations of the experimental methods are taken into account the varia- 
tion was not great. In one experiment only' was the transitional dosage level 
outside the limits just mentioned. This was in an experiment on the modifi- 
cation by’ ephedrine of the pressor action of adrenaline in the cat, in which 
potentiation still occurred after a dose of 3 mgm. per kilogram of ephedrine, 
the total amount of ephedrine given being then over 5 mgm, per kilogram. 
A further 3 mgm. per kilogram was necessary before a diminution of adrenaline 
action occurred. The transitional level in this case was therefore well over 
5 mgm. per kilogram whereas in no other instance was it more than 0.5 mgm. 
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per kilogram Tins transition from potcntntion to dcprc‘«sion \\as the most 
characteristic and definite of the changes produced The dosage le\el at 
the lower end of the scale at which sensitization began to be apparent, and 
the higher level at which dcprcs'?ion passed into abolition, were not so well 
defined 

It IS significant that the tables show mg the effects produced by different 
concentrations of either cphcdrinc or csenne are practicalh identical m widely 
different preparations The clo'=;c similantj in tjpc between the concentra- 
tion effect tables for ephednne and tho'^e for esermo clcarb fa' ors the assump- 
tion that the tw o drugs act m an analogous manner The fact that the actual 
concentrations w hich produce particular effects arc almost the same for ephed- 
nne as for escrine has no significance at pre'jent but will be important if it 
becomes possible in the future to discu^^s the quantitatne aspect of the actions 
of these substances 

The potentiating effect of o'^enne on the action of acetjlcholmc is accepted 
as being due to the inliibition b\ the former sub-^tance of the enzjme cholines 
terase which is responsible for the physiological inactuation of acetylcholine 
The opposite effect of higher concentrations of csenne docs not appear to 
have recened much attention Feldbcrg and Vartiainen (1934) found that 
perfusion of a sympathetic ganglion in the cat with csenne 1 m 10“^ diminished 
or abolished the action of acetylcholine or of piogangliomc stimulation 
Manning Lang and Hall (1937) ha^ e shown that the action of csenne is of a 
double nature, the primary action evident m low concentrations being the 
inhibition of chohnesterase and consequent increase of parasympathetic 
effects while wath higher concentrations it has a direct parasyanpathctic 
stimulant action after the enzyme evstem has been maximally inhibited, 
which they state occurs at about the level of 0 05 mgm per kilogram In our 
expenments this was the level at v\hich potentiation began to give v\ ay to 
depression of the action of acetylcholine but we did not observe any direct 
parasympathetic stimulant action of csenne itself until much larger doses 
were given 

The inactivation of adrenaline has been discu'^sed by a number of authors 
including Blaschko and Schlossmann (1940), Philpot (1940) and Richter 
(1940) They hav e pointed out that the majority of the work on the destnic 
tion of adrenaline by enzymes has been done in vitro and that these expen 
meats provide little evidence as to the normal mechanism in vuo In addition 
to the possibility of non-enzy mic destruction adrenaline might be mactiv ated 
by one of several oxidase system*? among which are amine oxidase (Blaschko, 
Richter and Schlossmann 1937), the cytochrome sy stem and vinous otlier 
polyphenol oxidases (Blaschko and Schlossmann, 1940) All these enzymes 
have been shown to oxidize adrenaline readily in tntro 

Gaddum and Kwiatkowski (1938) suggested that oxidation by amine 
oxidase was the normal method of inactivation, but Richter and Tingey 
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(1939) have shown that the rate of destruction is probably too slow to account 
for the observed rapidity of inactivation in vivo^ and also that amine oxidase 
is not present in appreciable quantity in the rabbit ear, in which Gaddum and 
Kwiatkowski observed the ephedrine sensitization. These objections are 
however based on experiments in vitro j and as Philpot (1940) points out, 
owing to the great difference in conditions obtaining between experiments 
in vivo and in vitro, great caution must be observed in arguing from one to 
the other. The same caution is necessary in considering the cytochrome 
system, especially in view of its wide distribution in mammalian tissue. 

The problem has been approached in a different way by Richter (1940) 
who has attempted to identify reaction products in the urine after oral ad- 
ministration of adrenaline in man. He found that about 70 per cent of the 
adrenaline administered was excreted in the form of a conjugated derivative 
in which esterification had taken place at one of the phenolic hydroxyl groups. 
Preliminary experiments suggested that this substance was the sulphate ester, 
and that the sulphosynthase system was the enz 3 ^me responsible. 

The property of modifying the action of adrenaline is by no means exclusive 
to ephedrine. Kwiatkowski (1940) has shown that veritol acts in the same 
way, and is in fact more potent than ephedrine. We have found that some 
other phenylisopropylamine derivatives have the same effect (unpublished 
work). Macgregor (1939) has shown that cocaine and procaine modify the 
action of adrenaline in the same way as ephedrine, and Tripod (1940) has 
extended this work to other local anesthetics, butyn, percaine and stovaine. 

Ephedrine can both increase and diminish the action of adrenaline under 
different conditions. It has long been known to abolish the action of adren- 
aline on isolated smooth muscle organs (Curtis, 1928 and Finkleman, 1930), 
and our experiments have demonstrated that while small doses of ephedrine 
potentiate adrenaline, large doses diminish or abolish its action. A possible 
explanation of this apparent anomaly lies along the lines of that advanced 
by Macgregor (1939) for the very similar action of cocaine. Augmentation 
of the adrenaline effect would be due to competition for the available enzyme, 
which would result in a diminished rate of destruction of adrenaline, while 
the depressant effect of higher concentrations of ephedrine would be due to 
the ephedrine, having saturated all the available enzyme, occupjdng the 
B3unpathetic receptors and preventing the access of adrenaline to them. 
Bussell (1940) has shown that in general substances which are synergists of 
adrenaline in low concentrations are usually antagonists at higher concen- 
trations. 

The depression of the action of acetylcholine by high concentrations of 
eserine observed by Feldberg and Vartiainen (1934) and in our experiments 
could be explained similarly; after the cholinesterase has become fully inhibited 
by eserine, further amounts of eserine will block the receptors and prevent 
the approach of acetylcholine. 
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The position is further complicated bj the fact that the enzyme antagonists 
of chohnergic systems are apparently not specific, and act to some extent on 
adrenergic systems as well Thus Seeker (1937) has shown that the response 
of the mctitating membrane of the cat to adrenaline or sympathetic stimula- 
tion IS increased bj esenne and inhibited bj atropine Agar (1940) has 
shown that the inliibition of young guinea pig uterus by adrenaline is altered 
b> esenne to a diphasic response in which the relaxation is followed by a 
secondary contraction a few minutes later \Vhether substances of the 
ephednne and cocaine tj-pcs have any effect on the action of acctjlcholme 
has apparently not j ct been investigated, except for an obser\ ation by Mac- 
gregor (1939) that cocamc and procaine reduce the nicotme-like action of 
acetylchohne on sympathetic ganglia An even more cunous observation is 
that of Thornton (1940), who found that ephednne potentiated the action 
of prostigmme m a case of myasthenia gravis 

As long as it was possible to regard amine oxidase as the most probable 
means of mactivation of adrenahne tn mvo, the general theory of correspond- 
ence betw een ephednne and esenne, as outhned above, receiv ed considerable 
support from the fact that the amines behaved towards the oxidase in vitro 
in the way the theory demanded, ic, ephednne inhibited the oxidase and 
slov\ed down the destruction of adrenaline, and ventol inhibited the enzyme 
even more powerfully than ephednne (Blaschko, 1938) Now that the bal- 
ance of evidence seems to be against amme oxidase in the r61e of physiological 
inactivator of adrenaline, this support vanishes, and the theory clearly awaits 
further work on the conjugating system desenbed by Richter (1940) Until 
more positive evidence is forthcoming, however, the close parallelism which 
our experiments have demonstrated between the actions of ephednne and 
esenne affords some support for the theory 

summaht 

1 The effects of vanous concentrations of ephednne and esenne on the 
actions of adrenalme and acetylcholme respectively were examined m the ^ 
following preparations under similar conditions perfused frog heart, cat 
blood pressure, cat limb v olume, perfused rabbit ear, isolated rabbit gut, and 
cat nictitating membrane 

2 In the first four of these preparations the effects of the tw o drugs show ed 
a close sunilanty Low concentrations of either drug up to about 10~* were 
without effect, while concentrations from about 10”” to 10"^ produced poten- 
tiation, 1 e an increase m the action of the correspondmg hormone At a 
concentration m the range from 10”^ to 10“*, a transition occurred, the effect 
bemg reversed from potentiation to depression, and at higher concentrations 
the degree of depression became greater, until at about 10”^ the action was 
completely abolished These concentration levels were practically identical 
for the two drugs The experimental results on isolated rabbit gut and cat 
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nictitating membrane were inconclusive, but as far as they went were in 
general agreement with the statement above. 

3. The action of ephedrine is discussed, and it is concluded that while the 
close parallelism which exists between the effects of ephedrine and eserine 
affords some support for the theory that ephedrine acts, in part at least, by 
inhibiting the enzyme which is responsible for the inactivation of adrenaline, 
the development of this theory must await further evidence as to the nature 
and properties of the enzyme. 
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The clectncal potentials occurring m the uterus of the cat ha\c not received 
so much attention as the corresponding phenomena in the rabbit (see (1) 
for literature) Bozler (2) shoued that isolated uteri of cats in estrus gi\e 
nse to bui-sts of spike potentials, both spontaneously and after electrical 
stimulation Bacq and iMonnier (3) m\cstigated the potential changes in 
anestrous and pregnant cat uteri, they obsen cd no spike potentials, but found 
a slou potential change of long duration, occurring simultaneously with the 
mechanical contraction oi relaxation 

In the rabbit uterus, Balassa (1) found that both spike potentials and slow 
potential uaves could accompany contraction, and that their occurrence 
depended on the sexual condition, in anestrous uten and those showing pro- 
gestational proliferation the slow ua\es predominated, uhile in ebtrous uteri 
and those in late pregnancy the spikes predominated 

The mechanical response of the cat uterus to adrenaline is reiersed during 
pregnanev (4) and during progestational proliferation (5, G, 7, 8) Since the 
potential changes in the rabbit uterus are also influenced by pregnancy and the 
administration of sex hormones, it uas considered of interest to investigate 
the potential changes in the cat uterus m different sexual states and the con- 
nection between these potentials and the reversal of the adrenaline i espouse 

METHODS 

Cats were anesthetised with nembutal (0 75 cc of a 5 per cent solution per kilogram, 
intrapentoneally) and placed in an insulated metal box The abdomen was opened 
in the midline and the uterus arranged for electrical and mechanical recording as 
described m a previous paper (1) The mechanical movements were either recorded 
optically together with the electrical record or recorded separately on a kymograph 
and synchronised with the electrical record The electrical records were made with 
a string galvanometer and a two stage direct coupled amplifier The galvanometer, 
amplifier and leads were all shielded so that the 50 cycle A C used for the motors did 
not interfere with the record The input resistance of the amplifier was 3 megohms 
and the resistance of the string about 7000 ohms The full output of the amplifier 
was not used since a sensitivity of about 1 to 4 cm per mV was found to be sufficient 
bo qualitative difference could be detected between records made with and without 
the amplifier 
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A few experiments were made on isolated uteri, which were kept in a shielded moist 
chamber at 40®C, both ends being fixed, with the electrodes between. Where mechanical 
records only were required the uterus was suspended in Locke solution in the ordi- 
nary way. 

The electrodes in all the experiments were silver-silver chloride half-cells connected 
to the uterus through Ringer-agar wicks. # 

Estrous was produced b^^ daily subcutaneous injections of 100 i.u. of estroform 
(B.0.H.) for 8 da 5 "s. Progestational proliferation was produced by daily injections 
of 25 r.u. of gonadotrophic substance (Prolan, Pregn^d) for 10 days, the injections being 
subcutaneous on the first three days, intraperitoncal on the fourth and fifth days, and 
subcutaneous on the last five days. 


RESULTS 
Ancstroiis nteri 

Attempts were made to use the uteri from immature cats, but in such 
uteri there were hardly my spontaneous potentials and electrical responses 
to drugs were very^ slight. Later experiments were therefore carried out on 
adult cats during the period from September to February, since Foster and 
Hisaw (6) have shown that cats are in permanent anestrus during this period. 

These, uteri showed spontaneous slow potential waves in a more or less 
regular rliythm. The magnitude was usually about 1 mV. and the average 
frequency was about 15 to 20 per minute. The regularity of the waves was 
variable: some uteri showed a quite regular rhythm, in others small secondary'’ 
changes of a similar nature were superimposed on the main waves, and some- 
times two or three waves were missing from an otherwise regular series. In 
eveiy case some rhy^thmic potential variations occurred. 

An intravenous injection of 5 to 25 ^ig per kilogram of adrenaline relaxed 
the uterus, but the slow potential waves continued uninterrupted during 
the relaxation (fig. 1, a), and generally became larger and more regular. 
After one to one and a half minutes these effects disappeared, and the original 
rhyi^hm was restored. The effects of pitocin and histamine on the slow waves 
were similar to those of adrenaline (fig. 1, c), in spite of the fact that these 
substances produced contraction of the uterus. 

Ephedrine (1 to 2 mgm. per kilogram) relaxed the uterus in the same way^ 
as adrenaline, but the potential waves were diminished or abolished (fig. 1, b). 
The full inhibition lasted about half a minute, and the waves returned to 
their original size and rhy^thm in one to one and a half minutes, while the uterus 
was still relaxed. 

Agar (9) has stated that the reaction of the isolated guinea-pig uterus to 
adrenaline can be changed by^ eserinization from a simple relaxation to a 
diphasic response, in which initial relaxation is followed by a delayed con- 
traction. We have examined the anestrous cat uterus to see whether a 
similar phenomenon occurs in this species. The reaction to adrenaline of the 
uterus in vivo was unchanged by^ eserinization of the animal ^^^th 1 mgm. per 
kilogram of eserine given gradually^ although the reaction to acetylcholine 
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was increased. Similarly in cx])erimcnts in vitro witli tlic utcnts suspended 
in Locke solution (Agar’s modification) tlie icaotion to adrenaline was un- 
changed by two to four hours treatment with escrinc in a concentration of 
5 X 10”'' to 2 X 10”*. The phenomenon described by Agar therefore docs 
not occur in the anestrous cat atoms, although a latent adrenaline contractile 
mechanism could be more readily expected in the cat utems than in the guinea- 
pig utems, in view of the contraction which occurs in the former during preg- 
nancy. The reactions to adrenaline of the uteri of the two animals follow 
the scheme of table 1. 


v‘.V' 

E 


\ ^ 




Fio. 1. Anestrous Cat Uteri in Vivo 


waves^ and mechanical relaxation. 

” Showing diminution of slow 

■ mowing increase of slow waves. 


Intestine 

Berkson (10) has shown that rabbit intestine gives rise to slow' rhythmic 
potential waves similar to those described in anestrous cat uteri, and that 
these potential w'aves do not correspond wdth the peristaltic movements. 

Wc have investigated the potential changes in cat intestine by the same 
methods used for the uterus, and observed spontaneous slow potential waves 
as in the anestrous uterus. It was found that adrenaline relaxed the intestine 
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and slightly increased the size of the potential waves (fig. 2, a), while cphedrinc 
also relaxed the intestine, but almost abolished the potential waves (fig. 2, b). 
This corresponds both with our findings in the ane.stroiis cat uterus, and with 
those of Berkson in the rabbit intestine. The latter has also shown that 
nicotine in suitable doses abolishes the potential changes without affecting 
the contractions of the intestine. 


TABLE 1 


Ilenctions of cal and guinea-pig uteri to adrenaline 


fiE.XUAL STATE 

CAT 

OUlNEA-PIO 

Anestrous .. . 

Relaxes 

Relaxes (Gunn &. Gunn (11)) 

Anestrous cscrinized . . . 

Relaxes 

Relaxation and secondary contrac- 
tion (Agar, (9)) 

Estious .. 

Relaxes 

Contracts (Holtz & Wollpert (12); 
Balassa & Gurd (13)) 

Progestational proliferation 

Contracts 

Relaxes 

Pregnant . 

Contracts 

Relaxes (Gunn & Gunn (11)) 




Fig. 2. Cat Intestine in Vivo 

Electrical record (E) and respiration (R). 

a. Injection of adrenaline 5/4g/kgm. (at white line). Showing increase of slow waves. 
Time markings; 5 secs. 

h. Injection of cphedrinc 2 mgm./kgm. (at white line). Showing abolition of regular 
potential waves. Time markings; 1 sec. 

Note independence of slow waves and respiration. 

It therefore appears that the anestrous uterus behaves in a similar way to 
the intestine in regard to the spontaneous potential waves and their modifica- 
tion by adrenaline and ephedrine. 

Estrous uteri 

The uteri of estrous cats were larger than those in anestrus and showed 
strong spontaneous contractions both in vivo and in vitro. Each contraction 



ADUENALINE and rOTENTI\7.& IN CAT UTEHUS 


C7 


of the uterus was accompanied by a burst of spike potentials (fig. 3, a), but 
these uteri did not show spontaneous slow potential waves. The duration 
of each spike ^^as about 0.2 to 0.4 ‘>econd; their frctiuency wa-s U'jually one or 
two per second; the total numlior varied with the strength of the contraction, 
and the burst of spikas ended before the mu^clc relaxed. Contiactions pio- 
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duced by the injection of pitocin or histamine tvere accompanied by similai 
potentials, the frequency and total number of the spikes being greater than 
with spontaneous contractions and dependent on the amount of diug injected 
These spikes were similar to those observed in estrous rabbit uten (1), and 
to those observed by Bozler (2) on isolated estrous cat uteri. 
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Adrenaline relaxed the estrous uterus, and no electrical changes occurred 
during the relaxation. Spontaneous contractions ceased during the adrenaline 
relaxation and spike potentials did not occur until the contractions 
recommenced. 

In two experiments spontaneous slow potential waves were obser\"ed in 
addition to the spikes which occurred during contraction. In view of the 
resistance of cats to sex hormones and their individual variation, there seems 
little doubt that these two animals had not yet reached a fullj*^ developed 
estrus, and therefore showed a mixed response. 

Uteri shoiving progcstaiional 'proliferation 

There was considerable variation in tlie response of the cats treated with 
gonadotropic hormone. In five of the eight cats treated, the uteri showed , 
progestational proliferation and contracted with adrenaline (fig. 4, a, b); 
two showed no proliferation and relaxed with adrenaline (fig. 4, c, d),,and in 
one uterus a mixed response to adrenaline occurred. 

Those uteri which showed proliferation and contracted with adrenaline 
showed great variation in their sensitivity to this substance. They showed 
\itt\e spontaneous movement and gave rise to spontaneous slow potential 
waves similar to those observed in anestroiis uteri; the waves were however 
smaller and less regular. On these slow waves there were superimposed 
occasional bursts of small spike potentials (fig. 3, b). This was the type of 
electrical record usuallj'^ obtained; in some uteri however the spikes were 
larger and more numerous, and in these uteri spontaneous contractions 
occurred. In the former case the small size and number of the spikes, and 
their irregularity, appear to be connected with the absence of mechanical 
contraction. Probably a small number of fibers only were excited; the coarse 
mechanical recording system used would onlj’- indicate gross contractions. 

Contractions produced by adrenaline Avere accompanied by bursts of spike 
potentials, the size and number of which depended on the amount of the drug 
given (fig. 3, d). The slow potential waves continued, either unaltered or 
slightly increased. Pitocjn and histamine produced similar reactions. 

Pregnant nteri 

Uteri in late pregnancy did not show slow potential waves; while con- 
tractions, Avhether spontaneous or produced by adrenaline or any other drug, 
were accompanied by large and regular spike potentials (fig. 3, c). These 
spikes differed from those obser\"ed in estrous uteri by their greater magnitude 
and regularity, but they were qualitative^^ similar. ^ 

In early pregnancy both slow potential waves and spikes could be observed 
together, as was previously found with rabbits (1). 
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Tio 4 Variation in Response of Cat Uterus to Gonadotrophic Hormone 
Two ammals treated gimiiltaneously with same doses Downward movement of 
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DISCUSSION 

Recent literature includes considerable discussion as to how far artefacts 
are responsible for certain electrical phenomena observ^ed in smooth muscle, 
particularlj'’ slow potential changes such as those described in this paper. 
Bozler (2) came to the conclusion that everj" slow potential change recorded 
in smooth muscle is an artefact. He used a condenser-coupled amplifier 
which may possibly have distorted the slow potential changes. Even so he 
found some structures, e.g., the ureter of the rat, which showed only slow 
potentials. Bourdillon et al. (14), in adequately controlled experiments, 
demonstrated the existence of slow potential changes in the rabbit vagina. 

Various possible origins of such artefacts have been excluded by our ex- 
perimental procedures. Some experiments ^vere carried out on isolated an- 
estrous uteri suspended in a moist chamber, both vick electrodes and chlorided 
silver needles being used. This method was not used in the majority of our 
experiments owing to the difficulty of administering drugs under these condi- 
tions, but the fact that the spontaneous electrical records obtained w^ere 
similar to those in the living animal, i.e., rhythmic slow" potential weaves, 
excluded the possibility that these changes w’ere due to drying of the muscle 
or electrodes or to respiratoi^" movements. The latter possibilitj^ w’as also 
excluded in the living animal, bj" recording respiration synchronous^ with 
the potential changes: their independence w"as obvious (see fig. 2, b). 

It seems improbable that anj" artefacts arising from drying of muscle or 
electrodes, or from muscular movement, or originating in the electrical re- 
cording apparatus, should cause regularly occurring rh>'thmic potential 
changes. The possibility that such potential changes w"ere due to alterations 
in the inter-electrode resistance is also remote, since the input resistance of 
the apparatus w'as 3 megohms, in comparison wdth wffiich the tissue resistance 
w"as negligible. Moreover, as has previously been pointed out (1), it is highly 
improbable that any electrical artefact w"ould be influenced in a regular manner 
b 3 " the administration of sex hormones or drugs. Slow" potential changes 
have been demonstrated in a number of laboratories under very varied ex- 
perimental conditions (1,2, 10, 14, 15) and their existence is now" established 
bejmnd doubt. It should be remembered that this characteristic of smooth 
muscle is not unique, for a number of other structures show" relatively" slow" 
potential changes in addition to spike potentials; thus nerve fibers show slow" 
after-potentials in addition to spikes, and various relatively" slow" changes are 
seen in the electroencephalogram. 

The electrical phenomena in the cat uterus differ considerably" from those 
in the rabbit uterus. In the rabbit uterus and vagina there is aldose connec- 
tion betw’een the mechanical contractions and the potential changes (1), 
w’hile in the anestrous cat uterus and in the intestine of both cat and rabbit, 
there is no connection betw’een the mechanical movements and the spon- 
taneous slow- potential weaves. There is a corresponding difference in the 
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mechanic'll reaction to adrenaline rabbit uterus contracts, wlnle intestme 
and anestrous cat utenis relax Bcrkson (10) suggested that the slow po- 
tential waves which he obseried in intestine might be nervous in ongin, and 
it has been shovni (16) that there is a difTertncc in the amount of nervous 
tissue present m cat and rabbit uten, but there is not suflRcicnt evidence at 
present to connect this difference with the difference in the electncal 
phenomena 

There is a striking difference between the effects of adrenahne and ephednne 
on the slow potential wav es in cat intestine and anestrous uterus Although 
both substances cause relaxation of the muscle, the potential waves are in- 
creased by adrenaline, dimmished or abolished bj ephednne No explana- 
tion of this phenomenon can at present be offered 

Estrous appears to be alvvajs accompanied, m ev ery species so far investi- 
gated, by powerful and coordmated contractions of the uterus (for references 
see Rejmolds (17)) It seems also, in the three species mvcstigated (cat, 
rabbit and guinea pig), that estrus results in the appearance of spike potentials 
which coincide v\Tth the begmning of the contractions (Morisson (18) has ob- 
served such spikes dunng the w hole of the contraction m rabbit uterus) The 
appearance of spikes, and the development of electncal excitability dunng 
estrus led Bozler (2) to believ c that, m this condition, excitation is conducted 
from one muscle cell to another, and that m this state the uterus behaves as 
a syncvtmm 

Progestational proliferation of an estrous cat utenis leads to a decrease in 
spontaneous contractions and a smaller mechanical response to drugs, at the 
same time spontaneous spike potentials disappear, and those which occur 
when contraction is produced by a drug are smaller and fewer than in estrus 
The luteal hormone therefore appears to inhibit partially the mechanism 
responsible for the conducted impulses which may be supposed to occur in 
estrous uten, this mechanism still functions to some extent, since spike po- 
tentials are produced bj the mjection of drugs and occasionally occur spon- 
taneously, although thej are much smaller and fewer than m estrus 

During earlj pregnancy the mechanical and electncal responses of the 
cat uterus arc similar to those occumng dunng progestational proliferation, 
but in late pregnancy the uterus reverts to the estrus type of response, power- 
ful spontaneous contractions occur, and these contractions, as well as those 
produced bj drugs are accompamed by spike potentials which are even more 
powerful and regular than dunng estrus 

In the cat uterus dunng estrus and late pregnanc> a burst of spike potentials 
always occurs at the beginning of a contraction, whether the contraction is 
spontaneous or is produced by adrenaline or by pitocin or by any other drug 
In the estrous uterus adrenahne causes relaxation, which is not accompanied 
by anj potential changes, while contractions occurnng spontaneously or 
produced bj pitocin show a burst of spike potentials The spikes therefore 
do not appear to arise from the combination of a substance such as adrenahne 
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with a receptor, but apparently arise from a later stage in the chain of events 
leading to contraction. According to Bozler^s view, the spikes indicate the 
conduction of impulses from cell to cell. 

Contractions of the anestrous cat uterus, e.g., those produced by pitocin, 
are feeble and are not accompanied by spike potentials. Conduction from 
cell to cell therefore does not appear to occur in anestrous uteri, and the oc- 
currence of such conduction may be related to the presence of estrogenic 
hormone. This conduction also seems to be partially suppressed during 
early pregnancy, possibly owing to the action of the luteal hormone. 

In estrous cat uteri spontaneous contractions and spike potentials occur 
readily, but adrenaline relaxes the muscle just as it does the anestrous uterus. 
It is clear therefore that the occurrence of spike potentials is not in itself 
sufficient to reverse the inhibitory action of adrenaline on the uterus, although 
it appears to be a necessary condition for adrenaline contraction. A further 
factor is also necessary, and this is probably the development in some of 
the muscle cells of a receptor capable of combining with adrenaline and 
setting the contractile mechanism in motion. Since adrenaline reversal only 
occurs when the uterus is in a state of progestational proliferation, this adren- 
aline receptor may be related to the presence of luteal hormone. The chain 
of events when adrenaline causes contraction of a pregnant cat uterus may be 
as follows: The adrenaline combines with receptors present in or on some of 
the ceUs, which are thereby excited and contract; the contractile impulse is 
conducted to neighboring cells, giving rise to the burst of spike potentials; 
and lastly contraction occurs in all the cells to which the impulse has spread. 
The observed time relations between the mechanical contraction and the 
spike potentials are in agreement with this scheme. 

Pitocin produces contraction of the cat uterus whatever the sexual state, 
and it must be supposed that the receptors for this substance exist independ- 
ently of the sexual conditions. The contractions produced in anestrous uteri 
are however much less powerful than in estrous and pregnant uteri; this fact 
suggests that receptors are present only in some of the muscle cells, and that 
in anestrus only these cells contract, w’hile in estrus the impulses are con- 
ducted to neighboring cells which also contract. 

The adrenaline relaxation which occurs in anestrous and estrous uteri is 
presumably due to another mechanism of unknown character, which is in- 
hibited during pregnancy or progestational proliferation. The significance 
of the slow' potential weaves observed in anestrous uteri is also unknown. 

SUMMARY 

1. In the anestrous cat uterus spontaneous slow^ rhythmic potential changes 
occur. They continue, and are slightly increased, during a relaxation pro- 
duced by adrenaline, but they are abolished or greatly diminished during a 
relaxation produced by ephedrine. Veiy similar phenomena occur in the 
intestine. 
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2 Eserine has no effect on the action of adrenaline in the anestrous cat 
uterus 

3 In cstrus and in late pregnancy uterine contractions, i\hether occumng 
spontaneously or by the action of a drug, are accompanied at the beginning of 
the contraction by short bursts of spike potentials, with a frequency of 1 to 3 
per second and an individual duration of 0 2 to 0 4 second 

4 In earlj pregnancy and dunng progestational proliferation, spike po- 
tentials accompanyuig spontaneous contractions are greatly dimimshed in 
number and magnitude and are often abolished In this state the mechanical 
reaction to adrenaline is reversed Utenne contractions produced by drugs 
arc accompanied bj more spike potentials than are spontaneous contractions, 
but much fev^ er than arise from contractions of the estrous uterus 

5 It IS suggested that the conduction of impulses from cell to cell is a char- 
actenstic of estrous uten (m all species so far examined), and is responsible 
for the strong and coordmated contractions ^^hlch occur dunng this penod 
In anestrous uteri such conduction does not occur, and during progestational 
proliferation it is partially suppressed, the utenne contractions are corre- 
spondingly feeble dunng these phases Conduction may or may not occur 
dunng pregnancj, dependmg on whether the estrogenic or luteal hormone 
predominates 

6 The re\ ersal of the mechamcal response of the cat uterus to adrenaline 
during pregnancy and progestational proliferation is discussed, and a possible 
mechanism outlined 

We wish to record our thanks to Mr Reginald Dufifett for preparmg the 
histological slides used m figure 4 

REFERENCES 

(1) Balassa This Jovbnal, 70, 189, 1040 

(2) Bozler Amer J Physiol , 124, 502, 1938, 127, 301, 1939 

(3) Bacq and Monnier Arch Int Physiol , 40, 467, 1935, 41, 334, 1035 

(4) Dale J Physiol , 34, 163 1906 

(5) van Dtke and Gcstavson This Journal 37, 379 1929, 41, 139, 1931 

(6) Foster and Hisaw Anat Rec , 62, 75, 1935 

(7) Kenvard Amer J Physiol , 118, 190, 1937 

(8) Robson and Schild J Physiol , 92, 1, 1938 

(9) Agar J Physiol , 98, 492, 1040 

(10) Berkson Amer J Physiol , 106, 405 1933 

(11) Gunn and Gunn This Journal, 6, 527, 1914 

(12) Holtz and ^\oLLPERT Arch exp Path Pharm , 185, 20, 1937 

(13) Balasba and Gurd Unpublished experiments 

(14) Boubdillon j Physiol , 97, 138, 1939, Bouhdillon and Lidrell J Physiol , 

98, 480, 1940 

(15) Hasama Arch exp Path Pharm , 163, 140, 1930 

(16) Reynolds and Kaminester Amer J Physiol , 112, 640, 1935 

(17) Reynolds Physiol Rev, 17, 304 1937 

(18) Morisson Amer J Physiol , 128, 372, 1940 



A METHOD FOR DETERMINING LOSS OF PAIN SENSATION 

FRED E. D’AMOUR and BONN L. SMITH 
From The Biologic Research Laboratory ^ University of Denver 

Received for publication January 27, 1941 

In a recent study by Schumacher, Goodell, Hardy and Wolff (1) the varia- 
tion of the pain threshold in humans was determined under a variety of 
conditions. This paper aroused our curiosity as whether the great uniformity 
observed in humans also held for animals and also suggested the possibility 
of adapting the method to the assay of analgesic drugs. The method used 
by the above workers was a simple one, namely the focusing of a beam of 
light upon a blackened spot on the forehead for exactly three seconds, with 
the intensity controlled by a rheostat; determinations were repeated every 
30 seconds until an intensity was reached at which the subject just perceived 
pain. An extremely great stability in the pain threshold was found to exist 
under a variety of conditions. 

In adapting the method to rats the rays from a Mazda 1184, 6 to 8 volt 
bulb, with reflector, were focused on the tip of the rat^s tail, which was placed 
in a grooved board some six inches below. The set-up includes a voltage 
regulator, transformer and rheostat; a stop-watch is operated by the same 
switch which makes and breaks the current. In using this device the operator 
places the rat^s tail in the groove, switches on the light and stop-watch and 
waits for the response, which is a sudden, typical twitch of the tail, when the 
animal feels the pain. The switch is then reversed and the time noted. 
After a few trials we found that a light intensity which produced a reaction 
in about 5 seconds was most convenient. 

RESULTS 

Normal variation. We were greatly surprised at last to find a biologic 
reaction subject apparently to very little individual variation. Up to the 
present some 10,000 individual tests have been made on several hundred 
rats. It happened that rats were available from another study in which 
many states of endocrine dysfunction had been produced. The following is a 
list of conditions under which tests were made: Adrenalectomized versus 
hyper-cortin, thyroidectomized versus hyper-thyroid, castrate (male and 
female) versus hyper-estrin, hyper-progestin, hyper-testosterone, day versus 
night, cold room versus hot room, and starvation. Tests were also run twice 
per week for two months on the same rats and no conditioning effect was 
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TABLE 1 


REACriOrt TIME 

PER CEVT BESPOVOmO 

geeondt 


3-4 

0 1 

4 5 

82 0 


17 G 

6-6 5 

0 3 


TABLE 2 

Assay of cobra lenom 


NtTMBER or BATS 

Dosr 

1 AVZltAQE nGACnO'f TIME 

Alter 30 mm ! 

After 3 hoars 

12 

fn u per kfftn 

0 

4 8 

4 6 

12 

4 

4 7 

4 5 

12 

8 

4 S 

4 9 

12 

16 

5 0 

4 9 


TABLE 3 
Assay of opiates 


uatebiab 

DOSE 

TEH CENT COMrLETELY 

analgesic 

Dilaudid 

mgn per kgm 

1 

s 

Dilaudid i 

2 

75 

Dilaudid 

4 

100 

Heroin 

1 

0 

Heroin 

2 

33 

Herom 

4 

83 

Morphine sulfate 

6 

0 

Morphine sulfate 

8 

50 

Morphine sulfate 

10 

66 

Morphine sulfate 

12 

92 

Codeine sulfate 

12 

0 

Codeine sulfate ' 

18 

17 

Codeine sulfate i 

24 

75 

Codeine sulfate 

30 

100 

Pantopon 

12 

8 

Pantopon 

18 

66 

Pantopon 

24 

92 


All injections vverc made intrapentoneally the material being dissolved in approxi- 
matclj 0 5 cc of saline 


noted None of the conditions mentioned affected the reaction time sig- 
nificantly, as IS shotvn m tabic 1, \ihich includes all conditions 
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TABLE 4 




Details of morphine assay 


HAT Nt7MBEn 

■WEIOIIT 

REACTION time: 



[ Control 1 After 30 minutes j After I hour 

j After 2.5 hours 

Dose: 6 mgm. per kgm. intraperitoneally 


1 

ffm. 

240 

5.0 

5.0 

4.9 

5.0 

2 1 

220 

4.5 

4.8 

4.3 

4.8 

3 

240 

4.0 

9,0 

7.5 

4.5 

4 

230 

4.4 

4.7 

4.3 

4.2 

5 i 

270 

4.1 

4.2 

4.2 

4.7 

6 

240 

5.0 

5.0 

5,3 

4.6 

7 

285 

4.6 

4.2 

4.7 

4.2 

8 

265 

4.7 

1 5,0 

5.5 

1 5.0 

9 

250 

1 5.0 

! 4.2 

4.9 

4.8 

10 

225 

4.4 

5.8 

4.7 

4.7 

11 

240 

4.2 

4.G 

4.6 

4.6 

12 

220 

1 4.7 

4.9 

4.2 

4.5 


Dose: 8 mgm. per kgm. 


13 

240 

5.5 

6.0 

6.0 

4.0 

14 

220 

4.5 

7.0 

7.0 

4.5 

15 

250 

4.0 

Comp. 

9.0 

5.5 

16 

260 

5.0 

7.0 

Comp. 

4.0 

17 

ISO 

4.5 

8.0 

8.0 

5.0 

18 

200 

4.0 

Comp. 

8.0 

5.0 

19 

200 

6.0 

Comp. 

6.0 

4.0 

20 

230 

5.0 

7.0 

6.0 

4.5 

21 

190 

4.5 

9.0 

8.0 

4.0 

22 

200 

4.5 

8.0 

6.0 

5.0 

23 

230 

4.5 

Comp. 

8.0 

5.0 

24 

250 

5.5 

Comp. 

Comp. 

5.5 

Dose: 10 mgm. per kgm. 

25 

250 

6.0 

Comp. 

8,0 

4.5 

26 

240 

4.0 

8.0 

8.0 

4.0 

27 

230 

5.0 

Comp. 

Corap. 

5.5 

28 

200 

5.0 

8.0 

7.0 

4.0 

29 

180 

5.0 

7.0 

Comp. 

4.0 

30 

200 

4.0 

Comp. 

Comp. 

6.0 

31 

220 

5.5 

8.0 

Comp. 

4.0 

32 

250 

4.5 

Comp. 

7 0 

7.0 

33 

200 

4.0 

Comp. 

Comp. 

5.0 

34 

240 

4.0 

7.0 

7.0 

4.5 

35 

230 

5.0 

7.0 

4.5 

5.0 

36 

210 

4.0 

Comp, 

7.0 

5.0 


‘^Corop.” means complete analgesia. 
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TABLE Concluded 





REACTION TIUE 


HAT '«OM0CR 

-wBionr 






Control 

j After 30 minutes [ After 1 hour 

1 After 2 5 hours 


Dose 12 mgra per kgm 


37 

gm 

220 

5 0 

Comp 

Comp 

5 0 

3S 

210 

i 4 5 

Comp 

Comp 

4 0 

39 

220 

! 4 0 

Comp 

1 Comp 

4 0 

40 

250 

5 0 

Comp 

Comp 

4 5 

41 

190 

4 5 

Comp 

Comp 

4 5 

42 

210 

4 5 

Comp 

Comp j 

5 0 

43 

210 

5 0 

Comp 

i Comp 

4 5 

44 

260 

C 0 

Comp 

Comp 

4 0 

45 

250 

4 0 

Comp 

Corap 

C 0 

46 

200 

5 0 

S 0 

8 0 

6 0 

47 

210 1 

4 0 

Comp 

Comp 

6 5 

48 

200 

6 0 

Comp 

Comp 

7 0 


The assay of drugs The method was next appUcd to the assaj of the ‘'anal- 
gesic” properties of several drugs (It is of course realized that the subject 
of analgesia is a complex one and %\e are here using the term analgesia as 
synonomous i\ith loss of reaction to pain merelj for comenicnce sake ) The 
following materials shoi\ed no analgesic properties Cobra venom,* m doses 
of 4, 8 and 16 m u per kilogram, Sodium amj tal, m doses of 25 and 50 mgm 
per kilogram, Tarantula venom, m doses of 10 milkings per rat, Black widov 
spider venom, m doses of J and § lethal doses Results of the tests on 
cobra venom are given m table 2 

Five of the opiates, dilaudid, morphine sulfate, codeine sulfate, heroin and 
pantopon, v^ere assayed at either 3 or 4 dosage levels, using 12 animals per 
dose The results are given m table 3, the assay of morphine being repro- 
duced in table 4 as an example Bj complete analgesia is meant the complete 
loss of reaction to pam the animal makes no movement of the tail whatever 
even though it is being burned to a ensp It is, of course, not necessary to 
burn it to that extent, a white blistering appearance being sufficient In- 
cidentally this does the animal no permanent harm, for if the tail tip is badly 
burned it merely sloughs off 


DISCUSSION 

Since the function of analgesic drugs is to alleviate human pam the human 
IS the best subject for their studj But when the study concerns new and 
untried drugs or an extensive as'iav of old ones the human subject is obv lously 
unavailable As far as animal methods are concerned, the literature is by 

* The cobra venom used in this study was supplied through the kind cooperation of 
Dr Macht, of Hynson, Westcott and Dunning, Inc 
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no means replete with descriptions of means for measuring analgesia experi- 
mentally, and no method seems to have gained widespread acceptance. 
Such methods as the piling of weights on a cat^s tail, or heating the skin by 
means of hot water passing through tubes, have been described, but these 
suffer from two main defects: doubt exists as to the stimulus, i.e., whether 
it is pain or merely touch, and there are great individual variations in test 
animals. The method most recently reported is that of Macht (2) who used 
an electric shock applied to the scrotum. Here again the effective stimulus 
in control animals varied from 100 to 800 volts. 

Of greatest value, of course, would be the development of methods for 
measuring true analgesia, i.e., the loss of conscious sensation of deep seated, 
continuous pain, such as that occurring in carcinoma. This is a much more 
difficult problem and the method described in this paper makes no pretense of 
measuring analgesia of this sort. It is, however, interesting to note that our 
rather thorough assay of the opiates gave results in good agreement with 
their accepted clinical value. A survey of doses recommended in a number 
of treatises on pharmacology indicates that dilaudid and heroin are considered 
to be approximately four times as active as morphine, and codein and pan- 
topon about half as active as moi'phine. This is approximately the ratio 
of effectiveness found in this study. 

We are unable to explain the discrepancy between our findings and those of 
Macht (2) concerning cobra venom. On a dosage of 0.5 m.u, (using 7 rats) 
he found an increase in the pain threshold, but in no case did the increase 
exceed the maximum stimulus (809 volts) found necessary at times in control 
rats. Only two rats were used on each of the higher doses and the two on 2.0 
mg gave inconsistent results in that the pain threshold in one was increased 
significantly (from 185 to 1080 volts) but in the other only from 185 to 445 
volts. The weight of the ‘rats was not mentioned. In our study, using 12 
rats per dose and dosages of 4.0, 8.0 and 16.0 m.u. per kilogram (the rats 
weighed approximately 250 grams, therefore the dose was about 1.0, 2.0 and 

4.0 m.u. per rat) we found no effect whatever on the reaction time. A dose of 

16.0 m.u. per kilogram is approximately one-half the lethal dose. 

Although, as stated, no claim is made that this method is capable of de- 
termining the analgesic power of drugs when deep-seated, continuous pain 
is involved, nevertheless a method as simple and rapid as this should have 
value in making it possible to submit to experimental verification many 
statements found in books on pharmacology, the evidence for which rests 
usually on uncontrolled clinical impressions. Such questions are: the influ- 
ence of route of administration upon dosage and duration of analgesia, the 
possession of analgesic properties by anti-pyretics, barbiturates and other 
drugs, the potentiating effects of one drug upon another, and the testing for 
analgesic properties of new drugs. We are at present engaged on certain of 
these studies. 
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SUMMAKT 

1 A Simple, rapid method for determining the pain threshold m the rat 
IS described 

2 The mdi\idual vanation, under a \anety of conditions, Mas found to be 
surpri'Jingly small 

3 Tiie method was applied to the determination of analgesic properties 
of several substances, including cobra venom No analgesic property in the 
latter could be demonstrated 

4 A comparative assay of fiv e opiates gave results m good agreement with 
clinical expenence 
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Since Aeschlimann and Reinert (1) described the pharmacological actions 
of prostigmine in 1931, this drug has found an increasing usefulness in thera- 
peutics. Articles have appeared on the use of prostigmine in m 3 "asthenia 
gravis, in post-operative distention, in urinary disorders, in deafness, as a 
test for pregnane^’', and recently in treatment of certain peripheral vascular 
diseases. The meagerness of experimental investigations on the action of 
prostigmine on the circulatory system and the increasing clinical use of the 
drug seemed to warrant a detailed study of its action on the heart and blood 
vessels. 

METHODS 

Isolated frog heart. The experiments were carried out in May on Rana pipiens. 
The Fubner technique and Clark’s solution were used. 

Heartdung preparation. Dogs of from 7 to 11 kgm. were anesthetized with chloralose 
(0.09 gram per kgm.) and the preparation made in the usual way (2). The bled dog was 
usually anesthetized with ether after a preliminary dose of morphine (5 mgm. per 
kilogram), and the blood was defibrinated. Arterial resistance was maintained at 
80 to 90 mm. of mercury. The total amount of blood in the system was approximately 
1,000 cc. and injections were made into the tube leading to the reservoir (600 cc. ca- 
pacity). Arterial pressure was recorded with a mercury manometer and venous pres- 
sure from the right auricle by a water manometer. During the course of most experi- 
ments the inflow level was raised 5 and 10 cm. in order to determine the ability of the 
heart to respond to increased blood supply (3). In the experiments on coronary flow a 
Morawitz cannula was introduced into the coronary sinus and the flow measured with 
a Condon recorder. To record pulmonary pressure a cannula was introduced into a 
branch of the pulmonary artery and a bromoform manometer used. 

Auricular fibrillation was produced by direct stimulation of the right auricle with an 
induced current from a Harvard inductorium. The movements of the auricle w’ere 
recorded by means of a spring lever. A Harvard inductorium and a metronome were 
used for vagal stimulation; shocks were maximal and the intensity of stimulation w'as 
varied by changing the frequency. 

Nembutal (50 mgm. per kilogram) was used most commonly for anesthesia in cats. 
Spinal cats were prepared by the Elliot method as described by Burn (4). Blood pres- 
sure was recorded by a mercury or membrane manometer, using a very slow continuous 
infusion of M/6 sodium carbonate in order to prevent clotting (5). Leg volume was 
recorded by means of an air plethysmograph and a Marey tambour. 

ihledical Fellow of the National Research Council. 
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Rahbtta ear The artery and vem ncre both cannulated as described by Risch 
bietcr (6) and perfusion carried out ujth Locke s solution at a height of 30 to 40 cm 
The drugs used were prostigmine meth>l8ulfate (Hoffmann LaKoche) acetylcholine 
bromide (Eastman) adrenaline (Parke Davis) atropine sulfate, and nicotine 

nESULTS 

Isolated frog heart Concentration of 1 10,000 of prostigmine produced 
either no effect or a slight increase in rate and amplitude of contractions 
Concentrations of 1 1,000 or 1 500 increased the rate and ampUtude more 
markedly With a concentration of 1 100 or 1 50 the rate and amplitude 
showed an initial increase followed by a decrease wnth development of irregu 
lanties The effect of weaker solutions was completely rev ersible by washing, 
that of the stronger solutions was only partially reversible Atropine m 
concentrations up to 1 50 000 did not pre\ ent these actions of prostigmine 
Heart lung preparation An injection of 0 05 to 0 1 mgm of prostigmine 
produced a slow decrease in heart rate a‘?‘5ociated with an increasing stroke 
volume (table 1) The total output remained little affected at the onset, but 
tended to decrease gradually as the rate became more markedly slowed 
Arterial pressure showed no appreciable change and venous pressure in- 
creased as the output began to decrease 
The decrease m heart rate w as evident m 3 to 5 minutes and most marked 
m 25 to 35 minutes The decrease ranged from 16 to 40 beats per mmute 
The higher the initial rate the greater the fall A second dose of prostigrame 
produced a further, although smaller, decrease m rate 
Since the increase m stroke volume at the onset of the expenment com- 
pensated for the slower rate, the total output per minute remamed unchanged 
(tabic 1) With the pencardium, intact the abihty of the heart to dilate was 
limited and the total output began to decrease early The venous pressure 
rose as the output decreased (figure 1) Removal of the pencardium per- 
mitted a greater degree of dilation and the total output w as maintained at the 
onginal level for a longer penod (table 1) Even under these circumstances, 
however, a tendency to a decrease m output and a rise in venous pressure 
usually became evident within thirty minutes 
The mcrease m heart volume following an injection of prostigmine was 
somewhat more than could be accounted for by the mcrease in stroke volume 
This suggests a negative inotropic action on the heart 
Atropine (0 1 to 0 2 mgm ) quickly rev ersed the changes produced by pro- 
stigmme, the rate, stroke volume and total output returned to original, or 
shghtly below onginal values (fig 1) Doses of 5 to 10 mgm of prostigmme 
were given after atropine to see if the heart rate could again be slowed, but no 
clear effect was obtained although the rate sometimes decreased by 4 to 6 
beats per minute These large doses of prostigmine were markedly depres- 
sant to the heart m one instance 

Occasionally with doses of 0 05 mgm prostigmme and more often with 



82 


RAFAEL MENDEZ AND ABE RAVIN 


larger doses irregulaiities occurred These were usually of ventricular 
origin, but in a fcM instances marked irregularities occurred which seemed 
to be of auricular origin Atropine usually stopped the iucgularities, but 
doses of atropine of over 0 2 mgm. tended of themselves to pioduce irregu- 
larities. 


TABLE 1 

Action of prostigminc on the heart-lung prcjiaration 


Weight of heart-lung clog, 7 6 kgm. Weight of heart, 70 grams Arterial resistance, 
75 mm of mercury. Pericardium opened Total blood added to system, 950 cc. 


TniE 

TEMPER- 

ATURE 

HEART 
RATE PER 
srijruTB 

INCREASE 
or INFLOW 
LEVn. 

OUTPUT 

STROKE 

VOLUME 

ARTERIAL 

B P 

VENOUS 

B P 




mm. 

ce per 
minute 

CC 

mm II g 

mm lIjO 

12 50 

39 0 

156 

0 

392 

2 51 

96 

24 

12 53 

38 9 

156 

50 

642 

4 12 

101 

28 

12.55 

38 9 

158 

100 

857 

5 43 

104 

30 

12 57 

39 1 

158 

0 

395 

2 50 

96 

24 

12 59 



Prostigmine 0 1 

mgm. 



1 02 

39 0 

156 

0 

395 

2 63 

96 

24 

1 04 

39 0 

152 

0 

392 

2 58 

96 

24 

1.06 

39 0 

144 

0 

389 

2 71 

96 

24 

1 08 

39 0 

138 

0 

389 

2 82 

96 

24 

1.10 

38 9 

132 

50 

642 

4 86 

101 

29 

1 13 

38 8 

130 

100 

869 

6 69 

104 

30 

1 19 

39 0 

124 

0 

389 

3 14 

96 

26 

1 22 

39 0 

120 

0 

382 

3 19 

96 

26 

1 25 

38 9 

118 

50 

631 

5 35 

101 

31 

1 27 

38 8 

118 

100 

857 

7 26 

103 

33 

1 40 

38 9 

118 

0 

380 

3 22 

95 

27 

2 10 

38 9 

120 

0 

368 

3 07 

95 

28 

2 12 

38 8 

' 120 

50 

619 

5 16 

105 

32 

2 15 

38 8 

128 

100 

844 

6 60 

105 

36 

2 38 

38 8 

124 

0 

353 

2 84 

96 

30 

2 40 

38 8 

126 

50 

600 

4 76 

104 

35 

2 42 

38 8 

132 

100 

832 

6 31 

105 

40 

2 44 

39 0 

130 

0 

349 

2 68 

96 

30 


In the heart-lung preparation pulmonary pressure did not appear to be 
significantly influenced by fairly large doses of prostigmine (fig. 1). 

Action on coronary blood flow. As is evident from figure 2, prostigmine 
produced a small decrease (or retarded the steady increase) in coronary flow 
in the heait-lung preparation in the absence of any significant change in 
the blood pressure. The decrease m coronaiy blood flow was associated 
with a decrease in heart rate, but the coronary blood flow in such denervated 
preparations has been sho^vn to be almost independent of changes in heart 
rate of a range similar to that encountered in our expenments (7), Atropine 
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produced a prompt incrca'^c iii t)ic coionarj blood flow and nftei atropine 
large do^c^ of proatigmme did not produce anj appreciable efftct 

lefloH on nuricidar ,tji>nflobon produffd 6y clfclncal shmuIoUon The 
auricles of the cat\ heart ma> be mule to fibnllatc by ‘>tinuiIation with a 
faradic cunent The per‘«i''tenee of the fibi illation following the cessation of 
stimulation depends upon the stiength and duration of the stimulating cur- 
rent With weak cunents the ccssition of the fibrillation is almost syn- 
chronous with the cessation of stimulation W’'ith stionger currents the 
fibrillation persists for a short peiiod after stimulation Pro'-tigminc m 



rio 1 \criON OF PBOSTIOMINE on HeaHT-LuNO pRErNR^TION 

Weipht of heart lunR doR, 9 kem Weight of heart G5 grims Total blood added, 
1,000 cc Arterial resistance, SO mm of mcrciirj rcricardiiim not opened Tracings 
Irom ton to bottom PidmonarN artena'i pressure tscalc on rigbt in mm of water), 
arterial Vdood pressure (scale on left in mm of mercury) venous blood pressure in right 

- ->-* f ‘ ' ndicating lOO re 

umbers under the 
the blood The 
/I, 0 1 mgm of 
itcd at the second 

. was injected 

dosage of 0 05 mgm /kgm maikedlj prolonged the duration of aftcr-fibrilla- 
tion (fig 3) The prolongation of the fibrillation was most CMdent shortly 
(3 to 5 minutes) after an intravenous injection and then gradually dimm- 
vshed Repeated injections greatly increased the after-fibnllation Ati opine 
antagonized this action of prostigmine W'mterbcrg (8, 0) has shown that 
after-fibnllation may be prolonged by stimulation of the \ agus and b\' physo- 
stigminc 

Action on the heart rate %n the cat In the cat an injection of prostigmine of 
less than 0 05 mgm pei kilogram usually liad no ev ident effect upon heart 


84 


RAFAEL JIENDEZ AND ABE RAVIN 


rate. Larger doses produced a gradual decrease in heart rate. The decrease 
was not evident for about 40 seconds and was most marked in 3 to 5 minutes. 
The heart rate returned to noi-mal in'30 to’ 60 minutes. The effect of a second 
injection while the heart was still slowed was less than that of the firet injec- 
tion. Atropine prevented the decrease in rate and restored the rate to nor- 
mal after it had been slowed. Decrease in heart rate occurred in animals with 
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MINUTES 

Fig. 2. The Action' of Prostigmine on Coronary Flow in the Heart-Lung 

Preparation 

The arrows indicate when prostigmine and atropine were given: I, 0.1 mgm. prostig- 
mine and 0.2 mgm. atropine; 11, 0.05 mgm. prostigmine and 0.2 mgm. atropine; III, 
0.05 mgm. prostigmine, and 0.2 mgm. atropine. The numbers under the graphs indicate 
the blood pressure in mm. of mercury. 

the vagi cut and the stellate ganglia and upper thoracic sympathetic ganglia 
acutely removed. 

Effect o ?2 blood pressior the cat. Doses of prostigmine of ](»s.s than 0.05 
mgm. per kilogram often ))roduced no change in blood pressure. In cats 
under nembutal the most common response to doses of 0,05 to 0.1 mgm. per 
kilogram nas an initial fall in l^lood i)i’essuro followed by a rise above the 
normal level (fig. 4a). The drop in blood pressure was rather .sharp but of 
short duration; the rise in blood pressure was more gradual and more per- 
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sistent. In a number of animal*?, including all four spinal cats, only the rise 
in blood pressure occurred Fall in blood pressure occurred before any great 
change in lieart rate and was not dependent on the change in heart rate. 
Rise in blood pressure was seen in one eviscerated animal 



la 

n 

ir 

fc... •lUMuti.d until me juiittvciiuuii iiijetiiuii ot prustigmmc (U Ub mgm per kgm ) C, 
ten mmulcs after B and four minutes of a second injection of prostigmme (0 1 rngm per 
Kgm ) D, nine minutes after C 

A second dose of prostigmine, or a large initial dose, produced in most 
cases only a fall m blood pressure with a tendency to gradual recot cry (fig 
4b) By repeated doses the blood pressure could usually be brought to very 
low levels The greater part of the fall in blood pressure occurred before the 
decrease m heart rate. 

Following atropine, prostigmme produced only a rise in blood pressure 
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which lasted 4 to 6 minutes and could be obtained repeatedlj^ in the same 
animal (fig. 4c). The rise in blood pressure occurred in animals under 
nembutal anesthesia and in spinal animals. Ligating the adrenals did not 
seem to affect greatly the rise in blood pressure; in one animal the same in- 
crease (45 mm. of raercur\0 was obtained before and after this operation. 
In other animals the rise after ligation was not as great as before. 


ABC 




Fig. 4. Effect op Prostigmine ox Blood Pressure 

A shows the effect of the first injection of prostigmine and B of a second injection in 
the same cat. Cat’s weight, 3.66 kgm; anesthesia, nembutal (50 mgm. per kgm. intra- 
peritoncally). Upper tracing, arterial blood pressure (scale in B) ; lower tracing, venous 
blood pressure (scale in B in mm. of water). Time in 1-minute intervals. A, at signal, 
prostigmine (0.082 mgm. per kgm.) was injected into femoral vein. B, 26 minutes after 
A; at the signal a second injection of prostigmine (0.082 mgm. per kgm.) was given. 
C shows rise in blood pressure obtained 14 minutes after 1 mgm. atropine sulfate had 
been given to a cat of 3.W kgm. under nembutal (60 mgm. per kgm. intraperitoneally) 
anesthesia. At signal, prostigmine (0.4 mgm. per kgm.) was injected. 

The rise also occurred in spinal eviscerated animals and in eviscerated ani- 
mals under nembutal. Although it is difficult to compare the results ob- 
tained in different animals, the rises produced in eviscerated animals seemed 
somewhat less than in the uneviscerated animals. The rise also occurred 
in eviscerated animals with the adrenals ligated; here again it was less than 
in the intact animals. 

The rise in blood pressure is apparently not duo to stimulation of sympa- 
thetic ganglia as in the case of acetylcholine. In two animals the abdominal 
' sympathetic chain was removed on one side and the volume of both legs rc- 
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corded No difference in bcha\ioi of t!ie tuo legs ams c\idcnt following 
pro<5tigmmc, acctjlcliolinc produced \aso con'^tnction onl> in the innervated 
leg Tull mcotinization did not pi‘c\ent the fall in blood pre^^sure produced 
b> repeated doses of prostigmine or the n<=o in blood pressure produced b\ 
prostigmine following atropine 

The increase in blood pressure was usualU associated witli a decrease in 
leg \olumt, but m one e\ptrimcnt out of four the leg \olumc inert ased 
slightlj 

The nsc in blood presbure occurred in manj instances before anj \ isiblc 
evidences of fibnlho twitching and it aKo occurred when the twitclungs were 
abolished bj curare 



fic o Effect of PnosTioMisE ov \AaAi. Stimulation 


Effect ontagal shmtilahon Follow mg prostigmmc the response of the heart 
to vagal stimulation was greatl} increased (fig 5) Not only was the degree 
of slowing of the heart much greater but the slow mg persisted for some time 
followang the cessation of the stimulus The maximal slow mg obtained bj a 
given strength of stimulus was practically attained with the first or second 
injection of prostigmmc, therefore, when the heart had been markedly 
slowed bj repeated injections of prostigmmc, vagal stimulation produced 
relativeU less slowing than when the heart rate was more rapid Phjsostig 
mine aisp increases the response to vagal stimulation iWtntcrbcrg {9)) In 
our experiments, even large doses of prostigmmc did not make the heart 
refractorj to vagal stimulation 

Action on the effect of acetylchohnc Prostigmmc accentuated the drop in 
blood pressure produced by acetj Icholmc This was usually clearlj seen 
following the intravenous injection of verj small (0 05 to 0 10 microgram) 
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quantities of acetylcholine but was more evident \vith larger doses of acetyl- 
choline (0.5 to 1 microgram). The response to very small doses of acetyl- 
choline often decreased after repeated injections of prostigmine, and at times 
became less than it was originally. Simultaneous vagal stimulation showed 
no decrease in effectiveness. The drop in blood pressure produced by prostig- 
mine appeared to be one factor in decreased response to small doses of acetyl- 
choline, but the phenomenon was also seen in an animal in whom no significant 
drop in blood pressure occurred. 

Influence of prosiigmine on the pressor response to adrenaline. The pressor 
effect of adrenaline, under certain conditions, was decreased 53^^ prostigmine 
in dosage of 0.10 to 0.15 mgm. per kilogram. This was observed clearly 
in three of five spinal cats. Of the other two, one showed onl3'' a'questionable 
decrease in response; the other, which was eviscerated, showed no change. 
Five cats under nembutal anesthesia showed no distinct change in response. 

Action of prosiigmine on the perfused rabhiVs car. Injections of 0.5 cc. of 
prostigmine in concentrations of from 1:10,000 to 1:100 produced no obvious 
effect on the caliber of the vessels of the perfused rabbit’s ear. 

DISCUSSION 

The pronounced abilit3^ of prostigmine to inhibit cholinesterase appears 
to explain man3’' of the actions of this drug on the cardiovascular system. 
The increased response to vagal stimulation, the slowing of the heart rate, 
the fall of blood pressure and the increased response to injected acetyl- 
choline which follow the administration of prostigmine can all be attributed 
to the slower destruction of acet3dcholine. Since the elec tricall}’' produced 
auricular fibrillation is prolonged b}’' vagal stimulation and A^agal stimulation 
ma}'^ be simulated b}’' prostigmine, this phenomenon probabl}' falls in the 
group of actions explained by the ability of prostigmine to inhibit cholines- 
terase. The decrease in coronary flow observed following prostigmine prob- 
ably has its origin in the ability of prostigmine to simulate vagal stimulation. 
Anrep and Segall (7) have shown that the coronary flow in an innervated 
heart^lung preparation can be decreased by vagal stimulation. 

No clear evidence was obtained as to why prostigmine decreases the pressor 
response to adrenaline in spinal cats. 

The increase in the rate and amplitude of the contractions of the frog heart 
are not the result of an increased acet3’'Icholine action and must be due to a 
direct effect of prostigmine on the heart muscle. This is in accord with the 
inabilit}’^ of atropine to prevent this action of prostigmine. 

The increase in the blood pressure of the cat after atropine presents a com- 
plex problem in which the various factors may be evaluated as follows: 1) 
Stimulation of the adrenal glands pla3^s only a small part in the observed 
effect. With the nictitating membrane as an indicator of adrenal secretion, 
an injection of prostigmine can be shown to cause liberation of adrenaline 
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by the adrenal glands Incaosc in blood pressure, ho\\cvcr, was easily 
obtained after ligation of both adrenals 2) An effect on the intestinal tract, 
especially in the unatropinized animal, ma> play some part in the response 
Although in some animals quite marked pressor responses were obtained after 
evisceration, the pres'sor effect m CMscerated animals was smaller than in 
those which were not cnsccratcd S) Stimulation of gangln, probably plajs 
no part Tins conclusion follows from the evpenments in which one lumbar 
sympathetic chain was remo\ed and from the experiments with nicotine 
4) Constriction of some portions of the peripheral x ascular sj-stem by direct 
stimulation must play an important rOle m the rise in blood pressure, but this 
conclusion receives onI> partial confirmation in the results of log xolumc ex 
penments and no support from the expenments on the rabbit’s ear 

8UMM 

The actions of prostigmine on the circuhtoo system Iia\e been studied 
on the heart-lung preparation of the dog on the isolated frog heart, and on the 
cat 

Of these actions, the follownng are referable to the inhibition of chohnos 
tcrase the actions on the heart rate, stroke volume total output and coronary 
flow of the heart lung preparation of the dog, the incrca'^ed response to vagal 
stimulation the slow ing of the heart rate, the drop in blood pressure and the 
more pronounced effect upon the blood pressure following injection of acetyl 
choline in the cat 

The action of prostigmine on the isolated frog heart and the increase m 
blood pressure in the cat usually produced b} the first injection of prostigmine 
and aUvajs produced after atropine are not explained by the inhibition of 
cholinesterase 

We wish to express our thanks to Professor Otto Krayer for his guidance 
and cnticism dunng this work 


REFERENCES 

(1) Aeschumavn and Reinert This JouRval 43, 413 1931 

(2) Patterson AND Starli VO J Physiol 48,357 1913 

(3) Krayer Arch f exper Path u Pharmakol 162, 1 1931 

(4) Burn Biological Standardization Oxford Medical Publication 1937 

(5) Tbendeienburo Arch f d ges Physiol 203, il3 1924 

(6) Rischbibter Ztschr f d ges exper Med 1, 355 1DI3 

(7) Anrep and Segall Heart 13, 239 1926 

(8) WiNTERHERo Arch f d ges Physiol 117, 223 1907 

(9) l\iNTERBERG Ztschr f exper Path u Therap 4, 636 1907 



THE ACTION OF PITOCIN AND ADRENALIN ON DIFFEREN 
SEGMENTS OF THE RABBIT UTERUS 

D D BON^YCASTLr: anp J K W PPllGUSOX 
From the Departtnent of Pharmacology ^ Unixersiiy of Toronto 

Received for public ition Fcbniarj 10, 1041 

It has been shown by Newton (1) that strips of circulai muscle fiom tl 
cervix itleri in se\eial species (goat, rat and guinea pig) can rarel3^ be stimi 
lated to eonti action bv even liigh concentrations of owtocic principle of tl 
posterior pituitary" (Pitoein), while iclativel}" low concentrations tain 
contraction of other parts of the uterus This characteristic of the o\ytof 
principle IS olniousl^-^ fa\oiablc foi the promotion of jiaituiition It seeme 
of interest to deteiminc whether different parts of the labbit uterus showed 
similar chffeiential sensitnity to the oxjtocic pnneiplc, particularly becau*; 
of the CMdencc presented I)}" Hateiius and Feiguson ( 2 ) for the release of a 
oxytocic hoimone b^ electiical stimulation of the pitiutai^^ stalk m labbil 
shoitl} aftei paituiition Further obscnations Feiguson ( 3 ) indicate tha 
the motility of the uterus ma^ be influenced b3’' the release of 0x3 tocic hoimon 
as a result of dilatation of the cervix and utcimc horn, while dilatation of th 
\agma appears to modif3" the uteiinc activity in a manner similar to that c 
adrenalin Consequently a study of the effects of adrenalin on differ en 
segments of the uterus also seemed desnable 

The most widel3'’ quoted classification of the actions of adrenalin on th 
uteius in diifeicnt species is that of Gunn and Gunn ( 4 ), which has bee; 
extended recenth (with duo reservations) hy Rc3nolds ( 5 ) This describe 
the leactions merely as motor 01 inhibitor in the gia\ id and non-gravid state*: 
The inadefjuac3^ of such classification ma3’’ be illustrated b3" one example 
The effect of adrenalin on the labbit uterus is alleged to be motor in both th 
gra\ id and non-gia\ id states, while on the cat uterus it is alleged to be moto 
in the gra\ id and inhibitor in the non-gravid state Ac tuallv at par turitio: 
(the most impoitant motoi function of the uteius) the typical leaction 0 
both cat and labbit uteri to adnmahn is biphasic (Feiguson ( 3 )) Bozlc 
(C) concludes that a mixture of excitation and inhibition is by fai the mos 
t3pKal leaction of most uteii most of the time 

The classification of Gunn and Gunn not only fails to describe impoitan 
facts, but it also fails to suggest the functional lole of adrenergic ner\es or o 
adrenalin m uterine motiht3 We bc*he\e that the present study has guei 
some insight into then functions 
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METHODS 

Rabbits thrte da>s prcpirtum to t«o (iajs postpartum ^\cre used In tluse c\pen 
inents Both a circular and lonRitutbnal strip 1 1 5 cm I our and 2-4 mm wide were 
cut from three sites the tubal end a placental site and the cervical end of the uterus 
Ihc SIX strips were placed m Dale s solution (7) in a water bath of 2ofl cc capacitj and 
were connected to le\ ers w hich w rote on a smoked drum I he w ater hath and its rescr 
voir were contained in a 1 irger tlcctncalli heated water hath The temperature of 
the inner bath w as held at ^ 5® 0 I ‘’C *1 he inner bath w as aerated w ith compressed 

air which was bubbled through at a rate Bunicunt to produce complete mixing of added 
drug in about six seconds The segments were allowed to work in the hath for two hours 
before drugs w ere ailded 

Low conccritr itions of drugs were used first and followed b> 1 tghcr ones till maximal 
effects were produced The solution in the inner bath was changed after a genes of drugs 
or dilutions of the same drug had been applied The segments were alJoned 20 30 
mmutes to recover from the w aalung and tl c senes w is then repeated T he sequence i f 
drugs Was varied so that reactions to ont drug with and without the preiious admmis 
tration of another were recorded For comparison of the eensitmta of different seg 
ments exerj application of a drug which pioduccd a definite effect on one or more stg 
ments was considered Onlj one experiment was discarded and this beciusc one 
segment failed to respond to anj stimulus 

The concentration of adrenalin rhloridc use 1 ringed from 1 1000 milli m to I 10 
million and of pitoein fiom 8 X 10 * nr it/ce to 4 X 10 * umt/cc Conrentrations of 
chlorctone in excess of those in the solutions of drugs used were tested and found to be 
without effect on the uti rine contractions 

hesults 

E\amplcs of the xanous effects obtained from adicnalm and pitocm am 
'^hown m the illustrations A statistical analysis of tlie results as a xvhole is 
presented later 

In figure 1, a record from a iitcuis 24 houi-s postpartum, 1 X 10 ” unit 
pitocm in 250 cc produced no obscnablc effect on the cerxical segments 
hut initiated vigorous contractions in all other segments Adrenalin in 
concentration of 1 X 10~* produced contractions m both ccr\ ical segments 
It also increased the frequenej of contiaction m the placental circular seg 
ment, had little effect on the placental longitudinal segment, and if anj thing 
decreased the activ itj of the tubal segments 

Figure 2, recorded from a uterus 36 hours postpartum, also illustrates the 
failure of the cervical circular segment to respond to the addition of 1 X 10 ® 
hmt of pitocm to the bath while increased actu ity is produced in all the other 
f^egments On the other hand, adrenalin in concentration of 1 X 10 * and 
4 X 10~*, elicited increased contractions from the cer\ ical circular segment, 
niixcd and \aned effects from the others 

Figure 3 is from the same expenment as figure 2 and illustrates that dif- 
ferent do«es of adrenalin may hax e effects w Inch are apparently qualitativ ely 
different on segments other than the cervical circular By comparing the 
responses with those m figure 2 it can be seen that even the same dose at 
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different times may produce qualitatively different effects on the same seg- 
ment. In figure 2 adrenalin in concentrations 1 X 10“« and 4 X arc 

Ti 


f f 



Fig. 1. Rabbit 24 hours postpartum. Uterine segments in water bath in the order 
marked on illustration as T.L. and T.C., indicating tubal longitudinal and circular 
segments respectively. Similarly P.L. and P.C. and C.L. and C.C. indicate the pla- 
cental and cervical segments. The arrows mark the introduction of pitocin 1 X 10"- 
unit and adrenalin 1 X 10"*. Time in half minute intervals. 



Fig. 2. Rabbit 36 hours postpartum. Uterine segments in water bath in order and 
marked as in figure 1. .Arrows mark the point of application of pitocin 0.01 unit, adren- 
alin 1 X 10"* and 4 X 10"*. 


added to a uterus in high activity as a result of pitocin and produce inliibition 
of the tubal longitudinal segment. In figure 3 the addition of adrenalin 4 X 
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10“* to an inactive uterus (pitocin had been leashed out), produced marked 
stimulation 

The figures illustrate clear!} that pitocin, v\hcn it produces an} appreciable 
effect, IS purely augmentor to frequenev and contraction Adrenalin, on the 
other hand ma} have simple augmentor} or inhibitor} effects or mixed or 
biphasic effects on the same segment depending on the dose and previous 
treatment of the segment For purpo<5es of quantitative description of the 
results as a v\hole, a companson was made of the proportion of applications 
of each drug producing augmentation in each bcgraent Since eacli segment 
v\as exposed to identical concentrations of each drug (and the concentrations 
used were close to the thre'jhold for definite action) such a companson should 
give a measure of differences in the sensitivity of different segments to each 



Fio 3 From same experiment as figure 2 Arrow marks the point of application of 
adrenalin 1 X 10“* and 4 X 10 * 

drug The effect of adrenalin was arbitraril} described as augmentation 
when the area under the giaphic record was increased above that for an 
equal penod of time preceding the application of the drug The periods used 
for comparison viere between five and fifteen minutes In most cases an 
increase in area undei the curv e could be easil} detected b} the c} e, but when 
some doubt existed the graphic record VNas transferred b} carbon paper to 
letter paper and the area under the curve cut out and weighed An increase 
in weight of 10 per cent or more was considered augmentation Clear cut 
differences m the sonsitiv ity of different segments to the augmentor actions 
(as defined abov e) of the tw o drugs are show n in tables 1 and 2 
Table 1 shows that the cervical circular segnients responded much less 
frcquentl} than an} other segment to the applications of pitocin, but re 
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sponded much more frequenth^ than the other segments to adrenalin. In 
each zone of the uterus the longitudinal segments are more sensitive to 
pitocin than the circular segments, ^vhile the circular segments respond 
with augmentation more frequently to adrenalin. The standard error of 




P X (100-P) 


N 


each percentage (>S) was calculated by the formula S 

where P is the per cent of augmentor^' responses and N the number of applica- 
tions of the drug (Bradford Hill 1939) and the standard error of the difference 
between percentages (Sd) by the formula Sd = 4- Sl. When the differ- 

ence is more than twice the standard error of the difference it is considered 
significant. 


TABLE 1 


Per cent of applications of pitocin and adrenalin which produced augmentation of activity 
in different segments of postpartum uteri 


1 

I 

NUMBER 

NUMBER 
OF APPU- 

TUBAL 

PLACENTAL 

CERVICAL 



CATIONS ! 

Long. 

Circ. 

Long. 

I Circ. 

Long. 

[ Circ. 

Pitocin 

12 

5S 

86 

62 

■ 88 

! 65 

47 

! 12 

Adrenalin 

12 

1 78 1 

40 

46 

37 

56 

88 

91 


TABLE 2 


Per cent of applications of pitocin and adrenalin which produced augmentation of activity 
in different segments of prepartum uteri 



NUMBER 

NUMBER 
or APPLI- ; 

j TUBAL 

PLACENTAL 

CERVICAL 



CATIONS i 

Long, 

Circ. I 

long. 

1 Circ. 

Long, i 

1 Circ. 

Pitocin 

5 

21 

29 ‘ 

29 

100 

49 

1 

I ^ 

.Adrenalin 

5 

i 43 

58 

35 

35 

1 ^ 

! 95 

84 


B3" this criterion the onh" percentages that are not significant 13^ different 
are the difference between 40 and 46 for the per cent responses of tubal 
longitudinal and circular segments to adrenalin, and the difference between 88 
and 91 for the per cent responses of cervical longitudinal and circular segments 
to adrenalin. 

Tlic sensiti\’ity to the augment or effect of adrenalin is significant^' greater 
at the cervical end in both circular and longitudinal segments, while the 
sensitivit}' of both cervical segments to pitocin is significant^’’ less than that 
of all other segments. The sensitmty of all longitudinal segments to pitocin 
is significantl3' greater than that of all circular segments. 

The proportion of augmentor responses to adrenalin was not significantly 
different whether the administration of adrenalin preceded or followed the 
administration of pitocin. The larger doses of adrenalin (concentrations of 



ACTION OF PITOCIN \ND ^DHENALIN ON UTERUS 


95 


4 X 10~* and higher), howc\cr, gave a definitely higher proportion of aug- 
mcntor respon‘?es 


PrejiariiLm uterus 

The number of expenments is less than on the postpartum uten but table 2 
shows that as m the postpartum uterus the cervical segments are less sensi- 
tive than the others to pitocin, but more sensitive to adrenalin Tliese dif- 
ferences are statistically significant 

In spite of the use of higher concentrations of pitocin on the prepartum 
uten, the per cent of positiv e responses obtained from all segments was only 
37, as compared v\ith 60 for the postpartum uteri The responses of the 
prepartum uten were also noticeably less in magnitude and duration A 
point of probable importance is the relative insensitivity of the segments from 
the tubal end of the prepartum uten to pitocin It is cunous that the per 
cent responses to a concentration of pitocin as low as 4 X 10“* unit/cc is as 
great or greater m one segment of the prepartum uten, namely the placental 
longitudinal segment as m the same segment of the postpartum uten, although 
the magmtude and duration of the respon'^es of the prepartum segments 
were less 

No significant difference was observed m the per cent of response to the 
same concentrations of adrenahn by prepartum and postpartum segments 

Inhihitory effects of adrenalin 

Biphasic effects of adrenahn are not so consistently' obtained from the 
isolated segments as they are from the intact uterus in situ Inhibitory 
effects, however, were observed much more frequently in placental longi- 
tudinal segments than in any other Two circumstances make the appear- 
ance of biphasic responses more frequent in situ In the first place the 
V asoconstnetor effect of the adrenahn might be expected to inhibit the activity 
of the uterine muscle by anoxia Secondly, recording from a whole uterine 
horn often gives a record of apparent inhibition when inspection reveals 
irregular and asymehronous activity of different parts of the horn Inhibition 
thus recorded is the inhibition of co-ordmated synchronous contraction, or 
the conversion of what might be called uterine systole to something like 
uterme fibnilation 


Ohservations in situ 

The foregoing observations indicate that although adrenalm frequently 
augments the activity of utenne strips, its net effect on the expulsive actmty 
of the utenis must be entirely different from that of pitocin To test this 
implication adrenalin and pitocin were admimstered to rabbits withm 24 
hours of the expected time of parturition The abdomen was opened under 
chloralosc and urethane anaesthesia and the uterus observed through a sheet 



I 


96 P. P. BONNYCASTLE ANP J. K. W. FERGUSON 

of cellophane arranged to protect the organs from drying. Under these 
conditions a considerable degree of activity of the iiteiine musculature was 
usually observed. The movements are best described as pendular, by which 
is meant an alternation of contractions beginning at the ends of each ampulla, 
^^ith contractions beginning at the middle of each ampulla. These contrac- 
tions draw the uterine wall over the fetus, first towards the ends of the am- 
pulla and then towards the middle. 

In three experiments adrenalin, 1 to 1.8 cc. of 1:50,000 was given in- 
travenously and produced intense contractions of the whole uterus, with 
blanching which lasted three or four minutes. It was particularly noticeable 
that the cervical region and interampullary nodes were tightly contracted. 
The tetanic contraction gradually broke up into frequent and intense activity 
of the pendular t 3 ^pe previously described. No fetuses were ever expelled by 
the stimulation of muscular activity produced by adrenalin. In all these 
experiments a single intravenous injection of pitocin (0.05 unit in one case and 
1 unit in the others) produced immediate expulsion of one or more fetuses. 
The dose of 0.05 unit caused the expulsion of a fetus within 30 seconds. These 
experiments clearly demonstrate the nonexpulsive nature of the intense uter- 
ine contractions produced by adrenalin as contrasted to the expulsive activity 
induced by pitocin. Although actual antagonism of the effects of pitocin 
and adrenalin has not been demonstrated directly in the intact animal, it 
may be deduced from the experiments on the excised uterus and from con- 
siderations to be discussed, that the effects of adrenalin are not only non- 
expulsive but definitely anti-expulsive. 

Piiressin 

In a few experiments pitressin was used as well as pitocin. Roughly 
about ten or more pressor units of pitressin gave effects equivalent to one 
oxytocic unit of pitocin. The oxytocic activity of the pitressin on these 
postpartum uteri seemed to be not much greater than would be expected from 
the figures for oxytocic activity, very kindly supplied ^vith the solutions of 
pitressin by Dr, Oliver Kamm of Parke, Davis and Co. The cervical seg- 
ments showed the same Relative iasensitivity to pitressin that they showed to 
pitocin. 


DISCUSSION 

The results presented in tables 1 and 2 show clearly that augmentor effects 
(as defined above) are produced by adrenalin most frequently on the cervical 
end of the uterus and more frequently as a whole on circular strips than on 
longitudinal. The net effect of circulating adrenalin or of sympathin liber- 
ated at nerve endings in the uterus would probably be anti-expulsive by two 
mechanisms: (a) by keeping the cervical end of the uterus tightly contracted, 
(b) by promoting contraction of circular muscle in the inter-ampullary regions 
which would oppose expulsive movements. 
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It might be postulated that the augmentor component of the reaction of 
longitudinal muscle to adrenalin, although inconstant, indicates the presence 
of certain adrenergic nerve fibers which favor expulsive activity It seems 
more likely, however, that even the augmentor effect of adrenalin on longi- 
tudinal muscles is of a type to interfere with propagated expulsive con- 
tractions rather than to reinforce them It has been shown by Monson (9) 
that contractions produced by adrenalin in cat and rabbit uten are not prop- 
agated as are spontaneous contractions or those produced bj electrical or 
mechanical stimulation Thus adrenalin must m some waj block the very 
contractions it produces and hence would likelj block propagated expulsive 
movements Bozler (6), m fact, suggests that the effect of adrenalin is a 
dual one on the muscle itself, causing excitation wath diminished excitability 
The immediate net effect depends on a vanety of factors, including the effec- 
tive concentration of the drug This view is attractive, since it obviates the 
necessity of postulating two sets of adrenergic nerve fibers with antagonistic 
functions m the same organ 

The view that the function of the S 3 unpathetic innervation of the myo- 
metnum is anti-expulsiv e in the guinea pig rat and related species, receives 
ample support from the literature (Reynolds, Chapter XIII) It has been 
repeatedly demonstrated that adrenalin almost mvanably inhibits the con- 
tractions of longitudmal muscle induced by pituitnn m these species The 
hypothesis that the function of the sympathetic innervation of the utenne 
musculature in all species is anti-expulsiv e is rendered at least v ery plausible 
by the present demonstration that in a species in which contraction is a prom- 
inent feature of the action of adrenalin, the net effect of adrenalin is almost 
certainly anti-expulsive 

It has been suggested elsewhere (3) that the anti expulsiv e functions of the 
sympathetic nervous system may be useful m promoting the orderly expul 
Sion of a senes of fetuses For example, when a fetus is expelled into the 
vagma the dilatation of the vagina has been observed to cause a powerful 
contraction of the cervix If this is a part of a generalized discharge of the 
sympathetic mnenation to the uterus (as it appear? to be), the net effect 
would be to delay the expulsion of other fetuses till the vagina was emptied 

SUMMARY 

Stnps of longitudinal and circular muscle were taken from three zones of 
rabbit uten shortly before and shortly after partuntion The zones used 
were the cervical end, the tubal end and a placental site All six stnps were 
suspended m a common water bath and exposed to the action of the same 
concentrations of adrenalin chloride, pitocm and pitressm 

Stnkmg differences were observed m the sensitivity of different parts of 
the uterus to adrenaUn and postenor pituitary extract Most striking vvas 
the relative insensitivity of the cervucal end to pituitary extract, and relatively 
great sensitivity to adrenahn 
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It is deduced that the complex action of adrenalin is in effect anti-expulsive 
and thus antagonistic to the action of oxytocin. 
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Rlfltshall, Litchfield and White (1, 2) ha\ e descnbed quantitative methods 
by which the therapeutic value of chemotherapeutic drugs maj be determined 
in mice, but at present there are no accurate methods for determining the 
comparatue toxicity of sulfonamide compounds for the host The most 
common and often the most senous complications in the therapeutic use of 
sulfonamide compounds are those concerned with blood Until recently it 
has been impossible to investigate these side actions expenmentally due to 
the difficulty m producing cyanosis and anenua m suitable animals This 
difficulty has now been circumvented (3, A, 5) thus pernutting the develop- 
ment of methods by which an accurate comparison of the mjuriousncss of these 
compounds, and probablj other agents, may be made This report presents 
the details of such methods and the results obtained wuth four of the more 
widely used sulfanilamide compounds, i e , sulfanilamide, sulfapyridme, 
sulfathiazole, and sulfanilylguanidme * 

METHODS 

The experimental basis for the method employed has already been described (3, 6) 
White mice were used because they have proved to be the most sensitive animals for the 
production of blood changes i\ith sulfanilamide All drugs in appropriate concentra- 
tion were administered by being incorporated in a diet consisting of powdered Purina 
Dog Chow The advantages of this method of medicating mice have been fully de- 
scribed by Marshall cf of (1, 2), chief among them is the maintenance of a constant blood 
level of the drug 

After control examinations of the blood each mouse was placed in an individual cage 
and allowed to cat the medicated diet freely Drug diet intake per mouse was meas 
ured periodically, and from this the dailj drug intake per kilogram body weight was 
calculated All mice used were j oung adults of 18 to 25 grams obtained from the same 
strain of Swiss white mice After 2 weeks on the drug diet the blood examinations were 
repeated 


1 Sulfanilamide and sulfapyridme used were furnished by the Abbott Laboratories, 
North Chicago, Illinois sulfathiazole was furnished by Winthrop Chemical Co , New 
York and sulfanilylguanidme was furnished by Dr E K Marshall, Jr , Johns Hopkins 
Medical School, R^timore, Md , and by E R Squibb A Sons New Brunswick, N J 
♦ 99 
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Hemoglobin was determined as acid hematin, using a photoelectric colorimeter. 
Reticulocytes and Heinz bodies were estimated by the wet cover slip method, using 
brilliant cresyl blue. Previous studies of sulfanilamide anemia in mice showed that 
changes in hemoglobin and reticulocytes were the most sensitive indication of the action 
of this drug on blood (6). In the present study both determinations were made. A 
decrease in hemoglobin indicated hemolysis in the peripheral blood stream, and an in- 
crease in reticulocytes pointed to compensation of the bone marrow to the blood de- 
struction. The blood concentration of each drug was determined by the method of 
Marshall and Bratton (7) for each mouso. Blood for this analysis was obtained by 
cardiac puncture between 9:00 and 12:00 a.m. of the day of thejnst blood count. The 
blood levels reported in this paper therefore represent the minimum concentration of 
drug maintained in the blood during the medication period (2). A quantity of 0.1 cc. 
of blood, diluted 1:150, was used for each determination and a final reading was made 
with a photoelectric colorimeter. Changes in hemoglobin were determined in pooled 
blood by methods described previously (5). O.vygen capacit 3 ' was determined by the 
method of van Slykc (8), blood iron by the method of Coombs (9). Spectroscopic 
examination was made on a concentrated sample of blood with a replica grating spectro- 
scope. 

The general plan was to correlate the intake of each drug with the blood changes pro- 
duced; thus it was possible to determine for each compound the minimum effective dose 
which caused a change in hemoglobin or in reticuloc^^tes. The drugs were administered 
for 2 weeks because it has been shown previously that any particular blood concentra- 
tion produces its maximum effect within this period (6). 

RESULTS 

Hemoglobin chaiiges. Comparative results with the four sulfonamides as 
to blood destruction are presented in figure 1, each point representing the 
change in hemoglobin in a single mouse in 2 weeks of medication. A total of 
/ 62 mice were used for sulfanilamide, 52 for sulfapjTidinc, 54 for sulfathiazole, 

and 49 for sulfaniljdguanidine. In order to handle the data more conveniently 
the animals on each drug were divided into four groups according to increasing 
dosage and the mean loss of hemoglobin was calculated for each group. In 
figure 1 these mean values are represented by the double circles. 

It is seen that when the data are summarized in this manner the point.s 
relating the logarithm of the dose to gram per cent changes in hemoglobin lie 
along a straight line. For each compound the equation to this regression 
line was calculated according to the method of Fisher (10). In this way it 
wa.s possible to determine accurately the minimum dose necessary to produce 
blood changes. From the drug concentration in the blood of each mouse 
it was possible to convert the minimum effective dosage to minimum effective 
blood concentration. 

An interesting feature of the relation of dosage to destruction of blood was 
that an increase in intake of drug did not noccssarib" result in a corresponding 
increase in anemia for all the compounds. This is indicated in figure 1 by 
the differences in the slope of the regrc.ssion lines. At first this result was 
confusing, but when blood levels were correlated with dosage it became 
apparent that much of the difference could be accounted for by differences 
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in absorption or excretion, particularly with the higher concentrations in 
the diet. Details of the results concerning this point are presented in table 1. 
From this it is seen that, when 0.5 per cent of each drug was administered, 
the blood levels obtained with sulfanilamide, sulfapyridine, and sulfathiazole 
were approximately equal. However, when 2 per cent of these drugs was fed 
in the diet the blood level of sulfapyridine was one and a half times that of 
sulfanilamide and two and one fourth times that of sulfathiazole. In this 
respect sulfaniljdguanidine presented special features, for despite its fairly 
high water solubility it was absorbed poorly from the gastro-intestinal tract 
(11). As \vill be indicated farther on, poor absorption accounts for the ap- 
parent low toxicity of this agent. 

Reticulocyte changes. The effects of the sulfonamides on the percentage of 
reticuloc 3 ’'tes are presented in figure 2, The data were treated similarly to 
those for hemoglobin. In general, comparison of the compounds on the 
basis of minimum effective doses necessary to produce a reticuloc 3 ’’tosis gave 
the same results as when the comparison was made on the basis of hemoglobin 
changes. Because of the ease and accuracy with which hemoglobin can be 
determined, as compared to reticulocytes, it seemed logical to put more weight 
on changes in hemoglobin than on a change in reticuloc 3 ’’tes. ^ 

Forviaiion of abnormal 'pigment. Blood from groups of 5 to 8 mice receiving 
the same concentration of each drug in the diet was pooled and examined as 
already’' described (5). Blood from all mice receiving the higher concentra- 
tions of sulfapyridine and sulfanilamide was dark brown in color, even after 
aeration, while blood from mice receiving all concentrations of sulfathiazole 
or sulfanilylguanidine was almost never darker than normal. Cyanosis was 
always associated with an increase in per cent of inactive iron pigment. The 
average results of chemical analyses are presented in table 1. On spectro- 
scopic examination, cyanosis was alwa 3 "s associated with the presence of 
an absorption band at 620 m^, which was unaffected by the addition of 
c>^anide or hydrosulfite, but which shifted slightly to the left when carbon 
monoxide was bubbled through the sample. These reactions are all char- 
acteristic of sulfhemoglobin and confirm earlier results (5, 6). Thus it is 
readily seen that these four sulfonamides differ markedly in their ability to 
produce abnormal iron pigment. Moreover the amount of inactive iron 
pigment seemed to be roughly" proportional to the degree of anemia produced 
b 3 '' these compounds. Other work, however, has shown that these two phe- 
nomena are not necessarily inseparable (12). 

Heinz bodies in large numbers were alwa 3 "s present whenever anemia was 
produced by the administration of these drugs. When blood changes were 
slight, only a few Heinz bodies were present. The nature of these structures 
and their relation to sulfanilamide anemia and cyanosis will be discussed in 
another report (13). 

Distribution of sulfonamide compounds between plasma arid erythrocytes. 
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It has been claimed that sulfanilamide is not distributed evenly between 
plasma and red cells in the proportion that would be expected from the known 
water content of the two media (14, 15). In addition there are claims that 
the various derivatives now in use differ from sulfanilamide in this respect 
(16). Because of the possible importance of these characteristics in relation 

TABLE 1 


Relation of concentration of sulfonamide compounds in diet to blood level of drug and to 

changes in blood pigment 


DBUQ IN 

NUMBER : 

MEAN BLOOD CONCENTRATION OF DRUG j 

VOLUMES PER 
CENT OXTOEN 

INACTIVE 

SPECTRO- 

SCOPIC 

HEINZ 

DIET j 

OF MICE 1 

Free* 

Total* 

! Blood 
iron 

Oxygen 

capacity 

IRON 

bulfse- 

MOQLOBIN 

BODIES 


Sulfanilamide 


percent 

2.0 

13 

rngm. 

22.3 dh2.3 ; 

per cent 

25.6 ±2.4 

13.3 

11.5 

per cent 

13.5 


-h 

. 1.0 

17 

14.1 dhl.l 

16.6 ±1.4 

13.4 

12.1 

9.9 

-h-k i 

-h 

0.5 

8 

8.5 dbO.8 

9.3 ±0.9 

15.0 

14.3 

4.7 


+ 

0.25 

16 

5.4 ifcO.8 


14.6 

13.6 

6.8 

+ 

+ 

0.125 

8 

2.3 dbO.2 

3.3 ±0.2 

14.7 

, 14.3 

3.7 

+ 

[ -k 

0.06 

8 

1.2 ±0.1 


16.8 

16.4 

2.4 

— 

1 ^ 


Sulfapyridine 



18 

32.0 ±2.3 , 


11.8 

9.8 

1 16.9 1 

+++ 

-k 


20 

15.3 ±0.5 

22.9 ±4.6 

15.3 

13,3 


+ 

+ 


6 

7.1 ±1.1 j 

10.0 ±1.9 i 

16.7 

16.4 

1.9 

± 

± 


6 

4.6 ±0.7 

7.1 ±0.6 j 

18.1 

17.2 j 

! 4.9 

± 



Sulfathiazole 


2.0 

18 

14.7 ±1.7 

17,6 ±1.5 

17.4 j 

17.3 

0.0 



1.5 1 

15 1 

12.7 ±1.2 

16.9 ±1.4 1 

19.2 

19.5 

1,5 , 

— 

± 

1.0 j 

8 1 

12.8 ±1.3 , 


15.8 1 

16.3 

3.1 

“ 

- 

0.5 

8 

6.6 ±1.1 


17.6 

18.0 

2.2 

— 

— 


Sulfanilylguanidine 


5.0 

15 

12.5 ±0.9 

16.0 ±1.0 ; 

19,9 

19.1 

4.0 

— 

-k 

3.0 

15 

10.8 ±0.6 

13.3 ±1.5 

17,7 

17.1 

3.5 

— 

-k 

1.5 

8 

3.9 ±0.7 

6.3 ±0.8 




— 

-k 

0.75 

6 

1.5 ±0.3 

2.7 ±0.7 





± 


* Mean result with standard error of the mean. 


to the blood changes it seemed important to confirm or refute these earlier 
claims and to extend the results so as to make them applicable to the com- 
parison of the sulfonamide compounds on blood. 

Mice fed varying concentrations of sulfanilamide, sulfapyridine, sulfa- 
thiazole, and sulfanilylguanidine for one week were bled by cardiac puncture. 
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Blood from each mouse was kept from coagulatuig by the addition of potas- 
sium oxalate and immediately centrifuged Plasma and erythrocj tes, thus 
obtained, were used for analysis of drug content by the methods dcscnbed 
abov e The results obtained are summanzed m table 2, m which each value 
IS the mean result for each group of mice, plus or minus the standard error of 
the mean of the observations 


TABLE 2 


Dtstnbulton of axilfonamide compounds between erythrocytes and plasma 


DBUO 

1 ntES C0»O»0I7ND j 

coK7iraaT<D courouno 

Dirr 

1 Plasma 

j Erythrocytes j 

Mean P/E 
ratio* 

Plasma | Erythrocytes | 


Sul fami amide 


6 1 

per tent 

2 

13 7 ±1 sl 

19 7 il 9 

0 69 ±0 03 

2 6 ±0 4 1 

3 6 ±0 5 i 

0 75 ±0 14 

6 

1 

6 9 ±0 6 

0 6 0 

0 72 ±0 02 

1 6 ±0 1 

2 6 ±0 1 

0 59 ±0 03 

6 

0 5 

5 5 ±0 7 

6 6 ±0 7 

0 83 dbO 041 

2 0 d;0 3 

2 9 ±0 2 j 

0 67 ±0 10 

6 

0 25 

2 4 =b0 3 

3 1 ±0 4 

0 77 ±0 07| 

0 8 ±0 2 1 

1 4 ±0 2 

0 62 ±0 16 

6 

0 125 
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Sulfanilylguamdine 


7 1 

5 0 

7 1 ±1 0 

8 3 ±1 5 
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1 2 0 ±0 1 

1 1 2 
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1 6 ±0 1 
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0 70 d:0 01 

: 0 7 ±0 2 
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• P/E ratio means plasma-crj throcy te ratio 


It IS seen that, after all doses of sulfanilamide, the concentration of drug 
m the erythrocytes was considerably greater than m the plasma On the 
lower doses of sulfanilamide this difference was greater than on the higher 
doses With sulfapyndme, however, the difference m concentration between 
the two blood components was not so marked As the concentration of drug 
in the diet decreased the concentration of this drug in plasma and erythrocytes 



106 


ARTHUR P. RICHARDSON 


was about equal. The distribution of sulfathiazole was strikingly different 
from the other compounds studied. In all mice, and on all concentrations 
of the drug in the diet, the greater part of the sulfathiazole was found in the 
plasma. As the total concentration of the drug was decreased the plasma : cell 
ratio tended to increase. Sulfanilylguanidine resembled sulfanilamide in its 
distribution between red cells and plasma. 

The differences in distribution of sulfanilamide and sulfathiazole were 
further investigated in rabbits which received gastrically 0.25 gram per kilo- 
gram of each drug. The concentration of the drugs was determined in plasma 
and erythrocytes at suitable intervals. The results are summarized in figure 



Fig. 3. Distkibution of Sulfanilamide and Sulfathiazole in the Blood of Rabbits 
FOLLOWING Gastric Administration of 0.25 Gram per Kilogram Body Weight 


3, which indicates the averages of determinations on three animals for each 
compound. 

It is seen that, 15 minutes after administration, the characteristic distribu- 
tion of each drug was established and maintained as long as any drug re- 
mained in the blood. It is therefore obvious that, whatever the mechanism 
responsible for the differences in distribution, an equilibrium was established 
almost immediately in spite of a constantly shifting concentration. Other 
results, to be reported elsewhere, have shown that this difference between 
sulfanilamide and sulfathiazole can be demonstrated for several other species 
of animals, and is not confined to mouse and rabbit blood. The reason for 
the increase in erythrocytic concentration of sulfanilamide is not clear at 
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piesent Unpublished results bj 'M'lrsh'iU (17), obtained bj adding \arjing 
concentrations of drug directlj to blood indicated that as the concentration 
decreased the erj throc> tes took up increasing amounts of the sulfanilamide 
thus suggesting that adsorption might be an important factor in this phe- 
nomenon Wh> sulfathiazole should differ so much from sulfanilamide is 
not clear, but the difference re-tmphasizes the difficulties in making predic- 
tions of pharmacological activitj from purel> physical and chemical data 

DISCUSSION 

In c^aluatlng most pharmacological data relating dose to response it is 
generallj considered that figures midi\ a^ bet^\ cen the maximum and minimum 
possible effect arc most reliable, thus in determining fatal doses the accepted 
procedure is to determine the amount of the drug killing fift> per cent of the 
animals In the present stud\ it was ob\iouslj impractical to cmploj such 
a method, as onl> a few mice c\en on lethal doses, showed a 50 per cent 
decrease in hemoglobin Nor was it practical to select any change less than 
this which could be used for a comparison Because of the straight line re- 
lationship between the log of the dose and the effect on reticuloc> tes or hemo 
globm, the determmation of the minimum effects e concentration necessary 
to produce blood changes w as determined bj calculation of the equation to 
the regression line By this procedure data obtained from all the animals 
were used in making the comparison Comparing compounds on tlie basis 
of the dose just neccssarj to produce injurious reactions has anothei ad- 
vantage Such information is of the greatest usefulness in therapeutics, 
since it is desirable to know the maximum amount of drug which can be 
tolerated without producing side effects 

The administration of these four closely related sulfonamides resulted m 
what at first appeared to be sinking differences m injurj to blood A partial 
explanation for such results might be obtained by a correlation of all data thus 
far obtained On the basis of dmg intake sulfamlamido was the most in 
junous, being 4 3 times as injunous as sulfathiazole and 10 9 times as injurious 
as sulfanilj Iguanidme Some of this difference can be accounted for by 
lack of absorption especiall> with sulfaniBlguamdme Howe\er, e\en when 
the minimum blood concentrations necessarj to produce anemia were de- 
termined for these drugs sulfanilamide still ranked as the most injurious agent, 
being 3 5 times more injurious than sulfathiazole 

In anj companson of closelj related compounds it is a matter of opinion 
whether thej should be compared according to straight weight or molecular 
weight Since one of the ultimate goals of the current studies of blood in 
this laboiatorj is to correlate if possible chemical structure and destructive 
action on blood it is possible that molecular concentration might giv e interest- 
ing relationships for the sulfonamide compounds This has been done m the 
third column of table 3, m which the minimum effective blood concentration 
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has been expressed as micromolar concentration in 100 cc. of whole blood. 
Such a correction bnngs the injurious doses of each drug closer together, 
thus suggesting that the chemical grouping responsible for toxic effect on 
erythrocytes and hemoglobin is inherent in the sulfanilamide nucleus. 

Since it has been clearly shown that the injurious action of the sulfonamides 
is directly on blood in the peripheral circulation (6), the actual concentration 
attained in the erythrocytes must be an important factor in determining 
whether or not hemolysis will occur. From the data on the distribution of 
these agents between plasma and erythrocyte it is obvious that determination 
of concentration of this drug in whole blood is misleading as an indication 
of concentration in the erythrocytes. It is important, therefore, to make 
corrections for any abnormalities of distribution. This may be done by simple 
calculation. Since the minimum effective blood concentration is that which 
just barely produces a change in blood, it is safe to assume that the packed 

TABLE 3 


Minimum effective amounts of sulfonamide compounds necessary to produce anemia in mice 


DRUG 

DRUG INTAKE 

CONCENTRATION IN \VHOLB 
BLOOD 

concentration 

IN RED CELLS 


Mgm. per cent 

Micromols* 
per 100 cc 

Ik! 2 C H 0 >1 0 L5 
PER 100 CC. 

Sulfanilamide 

ffm /kgrri /day 

0 12 

1 41 

8.2 

11 3 

Sulfapyridine 

0 31 

2 96 

11.9 

11.9 

Sulfathi azole 

0 52 

4 23 

! 16 6 

10.6 

Sulfanilylguanidine 

1 30 

1 72 

8.1 

10.0 


* Micromols equal 10“® mols. 


cell volume in these mice was essentially the same as in normal mice kept 
under the same conditions. In a previous report (6) it has been shown that 
erythrocytes of normal mice made up 43.0 =fc: 1.0 per cent of whole blood. 
Therefore it may be assumed that 0.43 X concentration in erythrocytes 
+ 0.57 X concentration in plasma = concentration in whole blood. From 
the ratio of concentration in plasma/concentration erythrocytes it is possible 
to state that, for any particular concentration in whole blood, the concentra- 
tion in plasma is equal to the appropriate P/E ratio, as determined from table 
2, multiplied by the concentration in the erythrocytes. Substitution of this 
value in the above equation leaves only one unkno^vn concentration in eryth- 
rocytes to be solved for. 

There is a striking uniformity in the micromolar concentration of each of 
these drugs which is necessary for minimum effects on blood, as can be seen 
from the last column of table 3. The fundamental implications of such a 
result seem fairly obvious, namely, that the chemical grouping in this series 
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of compounds responsible for hemolysis is m sulfanilamide itself. Further- 
more, the action of this group is unaffected by substitutions made in the Ni 




MICROMOLS 100 &c 
b 

Fio 4 Effect of S^LFo^Ai^rDE CoMPOtT^Ds on Hesioolobt> 

position, e'seept as such modification of the molecule changes the absorption 
or distribution of the compound 

Since objection might be raised to the companson of these drugs at only 
one point of the cur\ es, it seemed desirable to make the companson by some 
additional method of statistical analysis For this purpose the relative ac- 
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tivit}’' of sulfapyridine, sulfathiazole and sulfanilylguanidine were each com- 
pared to sulfanilamide by the log potency method of Gaddum (18, 19). 
Since Qaddum^s method is dependent on the comparison of two regression 
lines having the same slope, it was obviously impossible to apply such an 
analysis to the data relating log of drug intake to loss of hemoglobin (fig. 
4a). However, when the data was recalculated so as to relate log of micro- 
molar concentration on the erythrocytes to loss of hemoglobin, cur\^es were 
obtained which possessed approximately the same slope and position (fig. 
4b). Comparison of these latter curves by Gaddum^s method, using sulfa- 
nilamide as a standard, showed that sulfapyridine was slightly more toxic, 
ha\dng a log potency ratio of 0.85 dr 0.26-, and that sulfathiazole and sulfa- 
nilylguanidine were less toxic, having ratios of 1.1 zb 0.28- and 1.5 zb 0.642 
respectively. 

Considering the variability of the data, especially in the case of sulfanilyl- 
guanidine, these four compounds appear to have the same degree of toxicity, 
which reemphasizes the conclusion already drawn that the micromolar con- 
centration of these drugs on the red ceils is of utmost importance in deter- 
mining whether or not hemolyses will occur. 

One more important deduction from the results of this paper seems obvious, 
namely, that therapeutic activity of the sulfonamides and toxicity to the 
blood arc not necessarily related. Marshall et al. (2) have shown definitely 
f that these drugs have quite different degrees of effectiveness against bacteria. 
It may be suggested that if these investigators had calculated their results 
in terms of molecular concentration the substitution derivatives of sulfanil- 
amide would have appeared even more effective therapeuticallj'’ than the 
parent substance. From a theoretical standpoint this is important, because 
it gives hopes of developing eventually more effective therapeutic agents 
with even less toxicity for the host. 

CONCLUSIONS 

1. Details of methods are described by which bacterial chemotherapeutic 
agents may be compared for their ability to produce anemia and cyanosis 
in mice. Results obtained vdth four of the more widely used sulfanilamide 
compounds are presented. 

2. On the basis of drug intake, sulfanilamide was the most injurious to 
blood, being 2.1 times as injurious as sulfapyridine, 4.3 times as injurious as 
sulfathiazole, and 10.9 times as injurious as sulfanil^dguanidine. 

3. When corrections were made for differences in absorption, excretion, 
molecular weight, and partition between erjiihrocytes and plasma, all four 
compounds were of the same order of injuriousness. 

4. Cyanosis, characterized b}^ sulfhemoglobinemia, was observed only with 
higher doses of sulfanilamide and sulfapyridine. 

2 Sampling error was determined by Gaddum's method (19) of calculating 2 times X, 
and therefore represents the range of error which would include 21 out of 22 results. 


SULFONAMIDE ANEMIA AND CYANOSIS 


111 


REFERENCES 

(1) LlTCHFlEID, ^\^ITE AND MARSHALL ThiS JOURNAL, 67, 437, 1939 

(2) Marshall, Litchfield and White Ibid , 69, 89, 1940 

(3) Riciiard'^ON Ibid , 67, 429, 1939 

(4) Machella and IIicoiNs Am J Med Sci , 193, S04, 1939 

(5) Richardson Bull Johns Hopkins Hosp , 60, 445, 1939 

(6) Richardson This Journal, 70, 370, 1940 

(7) Bratton and Marshall J Biol Chcm , 128, 537, 1939 

(8) Peters and Van Slyke Quantitative Clinical Chemistry Methods Vol 2 

Milliams d. Wilkins Co , Baltimore, 1931 

(9) Coombs Biochem J , 30, 15SS, 1036 

(10) Fisher Statistical Methods for Research Workers, p 117 Oliver and Bojd, 

Edinburgh 

(11) Marshall, Bratton, White and Litchfield Bull Johns Hopkins Hosp, 67, 

163, 1940 

(12) Richardson This Journal, 71, 203, 1941 

(13) Richardson AND Morton (to be published) 

(14) Size Proc Soc Exp Biol and Med , 40, 451, 1939 

(15) Hansen J Lab Clin Med , 25, 669, 1940 

(16) Reinhold, Schwartz, Flippin AND Beth LAHMT Proc Soc E\p Biol and Med , 

45, 317, 1940 

(17) Marshall Personal communication 

(18) Gaddum Medical Research Council, Special Report, Senes 183, 23, 1933 

(19) Burn Biological Standardization, p 33 Oxford University Press, London, 1937. 



THE RELATIONSHIP BETWEEN THE IN VITRO AND THE 
IN VIVO ACTIVITY OF SULFONAMIDE COMPOUNDS^ 


H. J. WHITE, A. CALVIN BRATTON^ J. T. LITCHFIELD, JR. AND 
E. K. MARSHALL, JR. 

Department of Pharmacology and Experimental TherapeuticSj The Johns 
Hopkins University^ Baltimore 

Received for publication March 21, 1941 

Numerous in vitro studies of the effect of sulfonamide drugs against dif- 
ferent species of bacteria have been reported. These have had two purposes: 
an elucidation of the mode of action of these drugs, and their appraisal for 
clinical use. However, little information is available concerning the relation- 
ship between the in vitro and the in vivo activity of sulfonamide derivatives. 
The present communication presents the results of a qualitative study of the 
antibacterial activity, both in vitro and in vivo^ of 126 compounds against 
the jS-hemolytic streptococcus. The in vitro activity of the compounds 
against a strain of pneumococcus (type I) and a strain of Streptococcus viri- 
dans has also been investigated. Derivatives of sulfanilamide, a number of 
other sulfonamides, and certain sulfones, sulfoxides, sulfides, and miscel- 
laneous compounds have been included in this study. 

Our object was to correlate the in vitro activity of these compounds, as 
determined by our standard procedure described below, with their activity 
against streptococcus infections in mice as reported by other investigators. 
This procedure required only a very small sample of any particular drug. 
Since in the case of certain compounds, reports in the literature were incon- 
sistent, we have obtained our own data on in vivo activity of such of these 
and other compounds in the present series as were readily available in suffi- 
cient quantity. The activities of some of these compounds have not been 
previously reported. 


METHODS 

Mouse-virulent stock blood-broth cultures of /3-hemolytic streptococcus strain C 203 
(Lancefield group A) and the Neufeld strain of type I pneumococcus were stored at 
5®C. Virulence was maintained by weekly mouse passage. Test cultures were obtained, 
ns required, by transferring 1.0 cc. of these stock cultures to 9.0 cc. of buffered peptone- 


* This investigation has been aided by a grant from The John and Mary R. Markle 
Foundation. 

» Lalor Foundation Fellow. 
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dextrose (PD) broth (1) After incubation at 37®C for 6 to 0 hours suitable dilutions of 
the test cultures ere made to provide inoculums for the test mixtures Our test strain 
of Streptococcus vondans was one recently isolated from a case of subacute bacterial 
endocarditis This strain nas subculturcd daily in PD broth and cultured and diluted 
for test mixtures as described above 

Compounds were weighed into broth (5 2 mgm into 50 cc ) dissolved bj heating to 
100°C and dispensed in 5 0 cc amounts in test tubes After autoclaving at 110®C for 
10 minutes the drug solutions w ere held ov ernight before inoculation with test cultures 

The inoculum consisted of 0 2 cc of a 10"* broth dilution of test culture w hich brought 
the total volume of each test mixture up to 5 2 cc The final concentration of diug in 
each case was 10 db 1 mgm per cent Plain broth tubes were seeded with each inoculum 


table 1 
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— C=NH NH, 
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tor observation of control growth The initial concentration of bactena was determined 
by averaging blood agar pour plate counts The average imtial bacterial concentra- 
tions per cubic centimeter m test mixtures were as followrs for p hemolytic streptococ- 
cus 400 for the pneumococcus 900 for Streptococcus viridans 700 

Drug bactena mixtures were incubated for 48 hours in water baths (2) Activity 
against the hemolytic streptococcus and pneumococcus strains was determined at 39*C 
against the viridans strain at 41®C Turbid grow th in the control tubes of broth w ithout 
drug occurred in less than 24 hours 

Classification of compounds according to their antibactenal activity under our test 
conditions was based on the following entena 
(0) Inaciive visible grow thin less than 24 hours 
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(+), Inhibitory, absence of visible growth for at least 24 hours followed by growth in 
blood broth subculture. 

(++), Bactericidal, absence of visible growth for 48 hours followed by no growth in 
blood broth subculture (2). 

It should be emphasized that the compounds have been classified as active or inactive 
on the basis of results with only a single concentration (10 mgm. per cent), and under 
test conditions which were selected in such a manner as to insure bactericidal activity 
with sulfanilamide in a concentration of less than 10 mgm. per cent. Repeated titrations 
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for the minimal bactericidal concentration of sulfanilamide under these conditions gave 
a mean value of 2.5 ± 0.5 mgm. per cent against each of the three bacterial strains. 
Thus, anj' compound listed as ^*4-” was less than one-quarter and any compound listed 
as “-1— f ” was at least one-quarter as active as sulfanilamide. 

Twenty-seven of the compounds (Nos. 20, 21, 26, 34, 35, 37, 51, 55, 57, 59, 83, 91, 94, 
100, 103, 106, 113, 114, 126, 127, 138, 141, 144, 152, 161, 163, 164) were not soluble to 10 
mgm. per cent in broth. These compounds have been classified on the basis of their 
activity in saturated solution. 
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Classification of each compound has been based on at least four teats against each 
bacterial strain. Consistent results in repeated tests were obtained with all but 26 of 
the compounds (Nos. 15, 22, 25, 26, 38, 43, 57, 59, 64, 71, 113, 114, 130, 132, 137, 146, 149, 
153, 154, 158, 159, 161, 163, 164, 173, 174). These discrepancies were to be expected since 
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1 -CHiCHiOH 

-SOiC«H4NHi«) 

l4-4- 

4-4- 

0 

4- (16) 


27 

— CHiCHiOH 

H 

W)-SOiCiH*NHS02CiH<- 

NHiUO 

+*f- 

4-4- 

0 

±(I6) 


28 

; —CHiCHiOH 

-CHiCHiOH 

ai-SOiCeHiNHSOiC.Hi- 

NHi(r) 

4- 

4-4- 

0 

4- (16) 


31 

— S02C<H4NHiU) 

H 

— SOiCiHiNHiC^) 

4-4- 

-f-b 

0 

4- (16) 


15 

Ul-SOiCiHiNHSOiCiHi- 

NHtUO 

H 

-SOiCeHiNHiW) 

4- 

4- 

0 

0(16) 


40 

—CHiCHiOH 

H 

-COCHi 

0 

0 

0 

0(9) 



TABLE 6 

Nuclear-suhstiixded sulfanilamides 


NUMBER 

i 

1 

formula 

ACTIVITT 

In vitro 

In vivo 

Strepto- 

coccus 

Pneumo- 

coccus 

Viridans 

Strepto- 

coccus 

Literature 

92 1 

4-(NH8)-3-(NH,)C,H,S02NH, 

0 

0 

0 

0(12) 

96 

4-(NH,)-5-(COOH)C.H,SOjNH, 

0 

0 

0 

0 (22) 

18 

4-(NHj)-S-(CH,)C,H!S0aNHCsH,S020H-4 

+ 

+ 

0 

+ (16) 


activity was based on the use of a single concentration (10 mgm. per cent) under test 
conditions which were subject to unavoidable variations in such factors as size of inoc- 
ulum and amount of anti-drug factor present in the medium. 

In vivo tests were carried out by the drug-diet procedure (3). Groups of 10 mice were 
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TABLE 1 


Sulfonam\d€9 


N 

g 

X 

roBMtn>A 

i 

i 

1 In vitro 

AcnVlTT 

j In VIVO 

it 
£8 
to 1 

p 

04 1 

1 

> 

Streptoooocua 

Literature 

lOur 

[dnt* 

61 

' CiFftSOtKHi 

0 

0 

a 

0(12) 


69 

4-OHC«HiSO,NH, 

0 

0 

0 

0 (12), ± (13), 







±(25) 


70 

4-0,NC,lJ<S0,NH, 

++ 

++ 

0 

+ (23) 

+ 

48 

4-C1C,H4S0,NH, 

0 

0 1 

0 1 

0(12) 


47 

^•CHiCiH^SOtNH, 

0 

0 

0 . 

+ (12), 0 (13) 


89 

f-NH,C»fliSO,NH, 

0 : 

0 1 

0 1 

0(13) 


93 

S-NHiC,H4SO,NH, 

0 

0 

0 , 

0(13) 


72 

^-COOHC«H,SOiNH, 

0 

0 

0 

0(22) 


34 

4-CH,C»H4S0,NHC,H4 

++ 

+-f 

0 



23 

f-NH,C.H4SO»NHC,H4COOH-ie 

+ 

0 

0 

+ (16) 


11 

5-NH,C.H4SO,NHC4H4COOH-f 

0 

0 

0 i 

+ (16) 


10 

5-NH,C,H4SO,NHC.H4SOiNHCH,CH,OH-S 

0 

0 

0 

± (16) 


14 

3*NH,C,H4SO,KHSOjC.H,N"H,-5 

0 

0 

0 

+ (16) 

0 


TABLE 8 


Suljonts, iulfoxides, sulfides 


N0U> 

Bta 

roKun.A 

In vitro 1 

ACnviTT 

! In VIVO 

I 

8 

I 

i 

a 

1 

> 

Strep tocoecua 

Literature i 

S 

•9 

o 

71 

CiHtSOiCH, 

0 

0 , 

0 


0 

56 

4-0,NC.H4S04CH, 

+ 

+ 

+ 

0 (7) 


55 

C.H,SOjC.H, 

+ 

D 

0 


0 

41 

4-H0C»H4S0,C,H*0H*4 

'++ 

++ 

! 0 

0 (7) 

± 

37 

+0,NC.H4SO,CeH4NOW 

++ 

++ 

+ 

+ (26), + (27) 


3 

4-H,NCiH4SO,CeH,NH7-4 

,++ 


++ 

1 + (26) 

+ 

59 

4-CH,C0HNC.H4S0,C.H,NHC0CHW 

! 0 

+ 

0 

+ (27) 


83 


+ 

0 

’ 0 

0(7) 


94 

so, 

4*NH,C,H,SC.H4NH,-4 

++I 

++ 

+ 

+ (27) 


91 

153 

4*NHjCiH4S — SCiH4NH,*4 

hoch,ch,sch,ch,oh 

++I 

++ 

++ 

0 

++ 

1 0 

0 (27), + (7) 


82 

IC0-NC4H,-N(CH,)-C(CH,)=C-S— I, 

++ 

+ 

0 

' + (7) 

1 ^ 

90 

+NH,C,H,S0C4H4NHW 

++ 

++ 

+ 

+ (7), + (27) 
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placed on powdered diets containing 0,5 per cent of the compounds in question. After 
three days preliminary feeding, the mice were infected intraperitoncally with 100 to 500 
lethal doses of a four hour culture of ^-hemolytic streptococcus (strain C 203), and main- 
tained on the drug-diet for an additional three days. Both the average survival lime 
and the percent survival (30 days) were taken as criteria of therapeutic activity. If a 
single experiment failed to classify a compound, the test was repeated with additional 
mice on diets containing higher or lower drug concentrations, 

TABLE 9 


Amino-com'pounds 


NTJM- 

BEB 

FORMUI.A 

ACnVITT 

In vitro 

In vivo 

Streptococcus 

Pneumococcus 

Viridans 

Streptococcus 

Literature 

Our data 

49 

4 -NH 2 C 6 H 4 OH 

+ + 


4- 


db 

75 

4 -NH 2 C 6 H 4 COOH 

0 

0 

0 

0 (28), 0 (29) 

0 

53 

4 -NH 2 C 6 H 4 CONH 2 

0 

0 

0 

0 (13) 


155 

4 -NH 2 CSH 4 CH 2 COOH 

+ 

0 

0 


dr 

129 

4 -NH 2 C«H.N(CH 3)2 


4-4- 

0 


0 

135 

4-NHoCsH4NH2 

+ 

4- 

0 

0 (13) 


145 

4-NH2C6H4NHCOCH3 

0 

0 

0 

0(12) 


158 

5-NH2-2(0H)C6H3C00H 

0 

0 

0 


0 

152 

;&,4,(?-(NH2)3C8H2C00H 

+4- 

0 

1 0 


0 

43 

4-NH2-3(0H)C6H3C00CH3 

0 

0 

0 


i 0 

77 

4-NH2CeH4S020H 

0 

0 

0 

4- (12), 0 (13) 

4- 

154 

;?,5-(NH2)2C6H3S020H 

+ 

0 

0 


0 

136 

4 -NH 2 CBH 4 NHC 6 H 5 

H — h 

4-4- 

4- 


0 

140 

Benzidinedisulfonic acid 

+ 

0 

0 


4- 

81 

S-'NHz — naphthalene — SO2OH-7 

0 

0 

0 

0(12) 


88 

4“NH2 — naphthalene — SO2OH-I 

0 

0 

0 

+ (12) 


52 

NHaCSNHCcHs 

+4- 

4-4- 

0 


0 

45 

NH2C(=NH)CeH6 

0 

0 

0 


0 

125 

NHzCHoCHjNH—naphthalene 

4-4- 

4-4- 

-h4- 


0 

133 

I-NH2-8-OH — naphthalene — (S020H)2-S, 5 

0 

0 

0 


0 


The data available on most of the compounds either in the literature or as a result of 
own experiments allow only a qualitative expression of in vivo activity. For this reason 
we have classified compounds as active (-b), inactive (0) or of questionable activity (dr). 

Samples of various compounds were obtained from several investigators to whom we 
wish to express our thanks for their courtesy. Nos. 3, 37, 81, 82, 83, 84, 85, 86, 87, and 
88 were obtained from Drs. Henry and Smith of the Wellcome Foundation; Nos. 59, 89, 
90, 91, 92, 93, and 94, from Dr. Nitti of the Pasteur Institute; Nos. 79, and 80 from Dr. 
\Yhitby of Middlesex Hospital; Nos. 95, and 97, from Dr. Bauer of the National Institute 
of Health; No. 96 from Dr. Fischer of the Chinoin Chemical and Pharmaceutical Works; 
Nos. 40, 173, 174, 175 and 176 from Dr. Long of the Johns Hopkins ^Icdical School; 
Nos. 46 and 76 from Dr. Chen of Eli Lilly and Company; Nos. 35, 36, 39, 50, and 100 from 
Dr. Barlow of the Winthrop Chemical Company; No. 51 from Dr. Molitor of Merck and 
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CompanjjNos CO find 164 from Dr Gilbert of the Schcnng Corporation, No 1G5 from 
Dr HarropofE R SqmbbandSon.Nos 41,55,56,71, 127 and 133 from Dr Lubsofthe 
DuPont Company, No lOlfromDr Johnston, Mellon Institute, No 162 from Dr U A. 
Lewis, and Nos 4, 5, 6, 7, 8. 0, 10, II, 12, 13, 14, 15, 16, 18, 20, 22, 23, 25, 27, 28, 30, 31, 
98, 106, and 111 from Drs Crosslcy and Fcinstone of the American Cyanamid Company^ 

TABLE 10 


Miscellaneous 


BZR 

rORUtTUL 

activitt 

In Titro 1 

In vivo 

e 

1 

i 

1 

s 

£ 

1 

X 

P 

Btreptococcut 

litcr&ture 

S 

•o 

o 

164 

J-NHiC«H,SO,NCHjCHiOCH,CH, 

+ 

++ 

0 

±(9) 

± 

68 

4>N0,C.H4C00H 

0 

0 

0 

4- (23), 4- (29) 

4- 

64 

;f-NO,C»H,CONH, 

+ 

0 

0 

4* (28), 4- (20) 


65 

CiHiCOOH 

0 

0 

0 


0 

117 

C,H»SO,OH 

0 


1 0 

0(12) 


120 

.{-OHC,H,SO,OH 

i 0 

0 

0 


0 

42 

^COOHCiH^SOiOH 

: 0 

0 

0 I 


0 

123 

Anthraqumone /5-SOiOH 

0 

0 

0 


0 

131 

Nicotinic acid 

0 

0 

0 


0 

85 

S Pyrrohdine-ff-carboxy-4 '-amino-benzene 

++ 

+ 

0 

4- (7) 



sulfinic acid 






73 

CeHjNHCOCH, 

0 

0 

0 

0 (12) 


140 

CiHtNHCSCH, 

++ 

+ 4- 

0 


0 

124 

4-N0C,H40H 

+ 

+ 

0 

0 (29) 


143 



++ 

+ 


0 

62 

CtHsCONH, 1 

0 

0 

0 



141 

4 OHC»H4C,H40H-4 

++ 

++ 

+ 



146 

HiNOCCHjCONH, 

+ 

0 

0 


0 

ISO 

H,NOCCH,GH,CH,CHsCONH, 

0 

0 

0 



156 

CjHtNHCSNHCjH* 

+-f 

++ 

0 


0 

161 

C,H,NH-C(=NH)NHC*Hi 

++ 

0 

0 


0 

160 

C»H,NHCHNC.H,)NHCeH» 

++ 

++ 

+ 


0 

127 

l-(HOCiH4NH-)naphthol-5 

++ 

+ 

0 


0 

159 

f-Benzoyl-2-thiobydantoin 

++ 

++ 

0 


0 

122 

Allantom 

0 

0 

0 


0 

144 

1 Benzoin 


++ 

0 


0 

101 

1 Bydroxyetbylapocupreioe 

++ 

++ 

+4- 


4* 


Nos 74, 172, 167, 33, 169, 105, 171, 22, 01, 09, 70, 17, 18, 31, 61, 125, 01, and 02 as will nit 
additional quantities of Nog 70, 80 and 87 were propan d by us 

Nos 153, "'*'• -*'■ ‘’7 1'" 101,100, 

159, 122, and 1, 72, 77, 

52, 46, 65, 4. borntory 

chemicals 



120 


WHITE, BRATTON, LITCHFIELD AND MARSHALL 


RESULTS 

The results of the present investigation are summarized in tables 1 to 
In the columns under Activity in Vitro are ^ven the classes (4--f , +, 0 
which the compounds are placed for /9-hemoly tic streptococcus (Streptocoec 
pneumococcus (Pneumococcus) and Streptococcus viridans (Viridans), Ur 
Acliviiy in Vivo (infection with /^-hemolytic streptococcus) are given 
results reported in the literature for /3-hemolytic streptococcus infection (1 
column) and the results of the present investigation (second column). Re 
ence is given to the article reporting the activity of the compound exc 
where the report is contained in the patent literature or in a personal ci 
munication to Northey, in which case the reference is to Northey's rev 
article (4). In the arrangement of the tables of sulfanilamide derivati^ 
Northey's classification (4) has been followed. 

DISCUSSION 

Due to the errors inherent in any in vitro method for testing antibacte 
activity, the qualitative nature of our classification caimot be too stron 
emphasized. Likewise, the estimation of in vivo activity of the compoui 
against /5-hemolytic streptococcus infections in the mouse whether as repor 
in the literature or from our data is qualitative. Furthermore, the rest 
in the literature are often inconsistent and many of them have been obtair 
with the use of strains of group A streptococci other than C 203. Due 
these facts, it was to be expected that discrepancies which were more appan 
than real would occur in our comparison. 

Taking our own determinations of in vivo activity as correct when a d 
crepancy occurs, the data in the tables appear to justify the following cone 
sions. 

f . No compound is active in vivo (-f) if it is inactive in vitro (0) on strepi 
coccus unless it is decomposed in the animal organism to a compound whi 
would be active in vitro. Thus, the only compounds of the group of sulfc 
amides, sulfones, sulfoxides and sulfides which are active in vivo and inacti 
in vitro are Nos. 59 (table 8), 86 (table 4), and 173 (table 1). The first ti 
of these are N^-acyl derivatives of sulfanilamide. No. 59 is known to 
decomposed in the body to a compound (diaminodiphenylsulfone) very acti 
m vitro while No. 86 presumably is decomposed to sulfanilamide. No. D 
although inactive on streptococcus, is active against the other two organisn 
The other exceptions are No. 68 (table 10), No. 88 (table 9), and No. 
(table 9). The first of these, (p-nitrobenzoic acid, No. 68), is reduced in t 
body and probably gives rise to a compound active in vitro; the seed 
(4-aminonaphthalene-f-sulfonic acid, No. 88) is not known to be change 
to a compound active in vitro. Sulfanilic acid (No. 77) is only very slight 
active in vivo. 
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3, Several compounds are "very active tn vitro (++) but inactive tn vivo 
Among the sulfanilamide derivatives, Nos 29, 111, 102, and 1G4, and, among 
other compounds, Nos 129, 152, 186, 52, 125, 149, 143, 156, 161, 160, 127, 
159, 144 and 101 fall into this category 

S A certain amount of spccificitj for the three species of bactena appears 
to exist tn vitro under our test conditions Thus, compounds Nos 76, 16, 121, 
19, 162, 51, 69, 20, 30, 13, 27, 31, 41, 70, 34, 82, 152, 52, 85, 149, 156, 161, 
127, 159 and 144 are all for /5-hemolytic streptococcus and “0” for 

Streptococcus vindans Compounds Nos 162, 153, 152 and 161 are 
on ^-hemolytic streptococcus and “0” on pneumococcus Compounds 
Nos 173, 174 and 176 are “0” on j3-hemolytic streptococcus and "++” on 
both pneumococcus and Streptococcus varidans 

Certain compounds may owe their tn viiro activity to partial decomposition 
to a compound contaming an aryl amino group under the conditions of our 
test Thus, Nos 37, 51, 56, 69 and 108 have been found to be partially 
changed to a compound giving a red color on diazotization and coupling with 
N-(/-naphthyl)ethylenediamme (30) No 162 (N^-methylsulfamlamide) is 
apparently not demethylated under the conditions of the m mtro test (21) 

The above conclusions support the generally accepted idea that bacterial 
chemotherapeutic drugs act directly upon the bactena They also would 
appear to indicate that a prehmmary selection of compounds for more detailed 
study tn vivo can be made by an tn vitro test 

BUMSLART 

A qualitative comparison of the tn mtro and tn vivo activity on /S-hemolytic 
streptococcus of 126 compounds consisting of sulfamlamide derivatives, 
sulfonamides, sulfones, sulfoxides, sulfides and certain miscellaneous com- 
pounds has been made It has been shown that no compound is active 
tn vivo unless it is active tn mlro or can be decomposed in the animal body 
to a compound which would be active tn mtro, and that compounds can be 
active tn mlro but inactive tn vivo 
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This investigation was undertaken for the purpose of studjnng the mecha- 
nism of the increased duration of anesthesia pioduced by the less stable 
barbituric acid derivatives when administered to animals premedicated with 
morphine or to animals with liver injur;> produced bi carbon tetrachloride 
Straub (1), Loewc (2), and Baker (3) observed the synergistic action of mor- 
phine with the barbiturates Zerfas (4) and Iscnberger (5) noted that pic- 
medication with morplime greatly reduced tlic amount of amytal ncccssarv 
for narcosis Vogeler and Kotzoglu (C) obscrv ed that 100 mgm of morphine 
per kilogram administered to rabbits produced a tenfold increase in the dura- 
tion of action of ev ipal They also found that 20 mgm of cnpal per kilogram 
produced a depression lasting for si\ minutes, whereas the same amount 
administered to animals premedicated with morphine produced a dcpie'^sion 
lasting for sixty minutes Pavel, Milco and Radvan (7), investigating the 
effect of morphine on liver function, observed that 10 mgm of morphine 
caused a twice normal letention of bengal lose in dogs and 20 mgm caused 
a retention of the dye foiii times that normallv found These authors (8} 
also reported that moiphinc sigmficanth inhibits biliary secretion Tliey 
concluded, therefore, that morphine depi esses secretory activity as well as 
detoxification processes 

Experimental liyer injury in animals ha's been observed to produce an 
increased duration of action of the less stable barbiturates Piatt (9) re- 
ported that injury of the liver by the administration of carbon tetrachloride 
or chloroform increased the duration of action of these barbiturates These 
conclusions yvere essentially' confirmed by Cameron and de Saram (10) and 
Koppanyi et al (II) The latter, however, postulated a non-hepatic 
factor m addition to h\ ei injury for the explanation of these findings They 
suggested that the non-hopatic factor responsible for the prolonged hy pnosis is 
the increased susceptibility of the central nervous system to the barbiturates 

* Aided by grants from the Wisconsin Alumni Reseirch Foundation 
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Their analytical data failed to show consistently a decreased rate of disaf 
pearance of the drug from animals ha^dng been premedicated with chloroforn: 
Because of the clinical importance of this problem it seemed pertinent t 
reinvestigate the question in order to determine whether or not the relation 
ship existing between the less stable barbiturates and morphine or liver injur 
may be explained at least in part by a decreased rate of detoxification of th 
barbiturate. 


METHODS 

Ethyl isoamyl barbituric acid was used in these experiments as a representative mem 
ber of this group of hypnotics. The method employed for the quantitative determina 
tion of amytal has been described previously (12), The rate of disappearance o 
bromsulphalein from the blood was used as a criterion of the effect of morphine, morphine 
and amytal, and CC1« on liver function. It was necessary to modify the technic a; 
commonly employed because even a slight amount of hemolysis tends to mask thi 
bromsulphalein color and renders the proper matching of the colors practically im- 
possible. 

Twenty-five milligrams of bromsulphalein per kilogram of body Tveight were injectcc 
intravenously and exactly 2 cc. of blood withdrawn at 1-, 5-, 10-, and 15-minute intervah 
following the injection. Eight cubic centimeters of absolute alcohol were added to 
each specimen to precipitate the proteins and simultaneously to extract the dye. The 
specimens were then centrifuged and the supernatant fluid decanted off into test tubes 
of uniform size. Two drops of concentrated NaOH were added to each specimen and 
the solution stirred. The percentage retention of the dye was determined by comparing 
the specimens obtained at the various time intervals with a series of standards. Blood 
withdrawn one minute after the injection of 25 mgm. of bromsulphalein per kilogram of 
body weight was assumed to represent 100 per cent d 3 'e retention. The standard solu- 
tion of this strength w'as prepared b^-- pooling specimens from five rabbits in order to 
minimize individual variation. Standards containing from 5 to 100 per cent of this 
original standard solution wore prepared by appropriate dilution with an extract of 
normal blood precipitated and extracted in the same manner. With this procedure the 
errors due to hemolysis arc eliminated, and the quality of the color in the standards is 
the same as in the unknowm specimens, permitting a satisfactory' degree of accuracy'. 

Preliminary studies w'erc made on rabbits in order to determine the effects of mor- 
phine, amytal, CCb, and the combination of morphine and amytal on the rate of disap- 
pearance of the dye from the blood stream. Jn these experiments 10 mgm. of moiphinc 
per rabbit w'cre given subcutaneously. Amy'tal was given intravenously in a dose of 
35 mgm. per kilogram and the CCb was given orally in doses of 0.5 cc. per kilogram per 
day for three consecutive days prior to the use of the animals for the experiment. When 
morphine and amy'tal were used in combination, the morphine was given fifteen minutes 
prior to the administration of the amytal. 

To determine the rate of disappearance of amytal normally and following premedica' 
tion with morphine or CCb, 'pooled materials from animals in groups of three w'cre ob- 
tained at one hour intervals ranging from fifteen minutes to six hours and fifteen minutes 
after the injection of the barbiturate. The amytal content of blood, liver, muscle and 
brain was determined. The purity of the recovered amytal w'as checked by melting 
point and mixed melting point determinations and was found to agree with the accepted 
value for the drug. 
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RESULTS 

The results of the h\ er function tests are given m table 1 It uill be noted 
that fifteen minutes is approximately the time required for the complete 
disappearance of bromsulphalein from the blood of normal animals under 
the conditions of this evpenment The rate of disappearance of the dje is 
slightly retarded bj morphine but quite significant! v retarded b> the com- 
bination of morphine with amjtal and greatly- retarded m the animals pre- 
viously treated with carbon tetrachloride Preliminary tests demonstrated 
that the dje had no effect on the duration of amjtal anesthesia normally 
or after morphine or carbon tetrachloride premedication 
The concentrations of amjtal found in the tissues at the various time 
intervals are shown graphically m figures 1, 2 and 3 Every point on these 
curves represents an average of three separate determinations each of which 
was based on pooled specimens from a senes of three animals The devia- 


TABLE 1 

Average percentage of bromsulphalein retention fifteen minutes after the injection of 
the dye* 


Normal 

Amytal (35 mgm per kilogram) 
Morphine (10 mgm per animal) 
Morphine plus amytal 
Carbon tetrachloride 


tracet 

1 7 per cent 
4 0 per cent 
8 8 per cent 
30 0 per cent 


* All of these tests n ere performed on the same group of ten rabbits 
t SiK of the ten rabbits showed no trace of the d>e while three in the amj tal group 
were negative 

tion of these values from the mean was less than 1 mgm per cent Concen- 
trations of amytal found m the blood in the three series at the various time 
intervals parallel the duration of anesthesia observed on control animals 
under the same conditions The control animals regained all of their righting 
reflexes in approximatelv 150 minutes, those which were premedicated with 
morphine in 250 minutes, and the animals treated with CCh in 430 minutes 
At the time the animals regained their righting reflexes the concentration of 
amjtal in the blood is approximately 2 9 mgm per cent m each of the senes 
It IS of interest to note that the concentration of amytal in the hver tissue 
of animals piemedicated with morphine decreases very rapidly during the 
first two hour period, at the end of which time it reaches approximatel 3 the 
same concentration as that found m the blood and muscle, while m the con- 
trols the concentration m the liver remains considcrabb higher than in the 
blood and muscle This difference in distribution suggests that morphine 
decreases the rate of blood flow through the In er, and consequentlv less bar- 
biturate is brought to this organ Wc are unable to account for the initial 
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high concentration of amytal in this tissue. The rapid fall in the concentra- 
tion of am3^tal in the liver during the first two hours would indicate that 
morphine has no depressant effect on the functional capacit3' of this organ 
to destro3" the drug. The concentration of am3dal in the liver tissue of the 
animals having receh^ed CCU remains at approximate^'' the initial level 



tiS ZS£> 

Tl UC tN M I N U T E: S 


Fig. 2 

tlwoughout the period of observation, indicating an inabilit3’ of this organ to 
detoxif 3 " the drug. Xo significant difference in the concentration of amx^tal 
was found in the muscle from the three series of animals. Although this 
was also true of the brain tissue, the lack of difference in the concentration of 
the drug in tliis tissue could not be considered significant because of the small 
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•xmoiint of material a\ailable The puscnce of the barbiturate could be 
demonstrated m an} of the tis'^iues studied in each of the three scries eight 
hours and fifteen minutes after the administration of the drug indicating 
that appreciable quantities are present in the bod} for a considerable period 
after the rabbits regained then righting lefloxc*? 



Fig 3 

To determine whether the treatment nith CCh increased the susceptibility 
of the central nenous sjstem to the barbiturates, the ma'vamal tolerated 
dose of amytal for normal rabbits uas administered to rabbits ha\ing re- 
cened CCl* A do'sc of 65 mgm per kilogram of body weight administered 
intrai enousJy proied lethal to seven of a group of twelve rabbits previously 
premedicated with CCl^, w hereas tweh e of a group of fourteen normal animals 
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survived a similar dose. These results would tend to indicate an increased 
susceptibility of the central nervous system to the barbiturate; however, 
other factors such as abnormal metabolism and a prolonged high concentra- 
tion of amytal in the system must also be considered. Since the length of the 
latent period preceding barbital anesthesia has been presumed to be a measure 
of the susceptibility of the central nervous system to the drug, an experiment 
was performed in an attempt to determine whether premedication with CCh 
would significantly alter the latent period. The end of the latent period 
was taken as the time when the animals had lost all of their righting reflexes. 
The controls and the animals which had previously been premedicated \\ith 
CCb were given intravenously 150 mgm. of barbital per kilogram. The 
average latent period in the 15 control animals was 26 minutes while that of 
the 17 CCh-premedicated am'mals was 22.8 minutes. This difference cannot 
be considered significant because of the large delation from the mean ob- 
served in both groups. Hence these data indicate that in rabbits the sus- 
ceptibility of the central nervous S 3 ^stem to barbital is not altered sufficiently 
b 3 " premedication with CCh to account for the resulting marked increase 
in duration of anesthesia. 


DISCUSSION 

The functional capacity of the liver to withdraw certain substances from 
the blood stream was found to be altered b 3 ’’ either liver injury'” with CCb 
or bj' changes, presumablj^ produced by morphine, in the blood suppb’’ to this 
organ, ^Morphine alone and in combination with am^’tal apparent^' alters 
the blood supply to this organ, as is indicated b^” the bromsulphalein test, 
since liver injurj" by these drugs in the quantities administered has not been 
observed. Hence it would appear that the decreased rate of destruction of 
the barbiturate and the consequent increased duration of anesthesia observed 
in the series of animals premedicated with morphine are due at least in part 
to this mechanism. If it be assumed that the liver, while under the influence 
of morphine, retains its functional capacity to detoxify the barbiturate, then 
the marked decrease in the amytal content of the livers in this series of animals 
may also be interpreted as due to a decreased blood supply'’ to this organ. 
In contrast to these results, the amj’^tal concentration in the livers of the ani- 
mals treated with CCU remains at approximately its initial level, indicating 
the inability of this organ to detoxify the drug. Liver dysfunction is indicated 
also b 3 ' the marked decrease in the rate of disappearance of bromsulphalein 
from the blood stream. It would appear that the increased duration of 
anesthesia observed in animals treated with CCU is due primarily to the 
decreased rate of disappearance of the barbiturate from the tissues. Since 
the concentration of amytal in the blood reaches appro.ximateb' the same 
level in the three series at the time when the animals regain their righting 
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reflcAcs, it seems reasonable that this concentration represents a critical 
Ic\el of the drug for this particular reflex mechanism 

smiM xnv 

The latc of disappcaiance of amjtal from the tissues was studied m (a) 
normal labbits, (6) rabbits premcdicated with morphine, and (c) rabbits 
prcmedicated \\ ith CCb Obser\ ations ere made on the rate of disappear- 
ance of biomsulphalein from the blood stream on a similar series of rabbits 
The increase in duration of anesthesia produced by the combination of 
morphine oi CC1< with amjtal is closely correlated with the effects which 
these drugs have on the retention of bromsulphalein m the blood stream 
The duration of anesthesia in the three scries of animals parallels the rate of 
disappeatancc of the amjtal from the blood stream The animals of each 
series regain their righting reflexes when the concentration of the amjtal in 
the blood reaches approximately the same lev el, viz, 2 9 mgm per cent 
Morphine decreases the rate of disappearance of the barbiturate at least in 
part bj altering the blood supply to the liver, while the pnmarj' effect of CCU 
appears to be the production of liver injurj" 
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Current interest in general cooling for the treatment of cancer (1, 2) led 
to the investigation herein detailed. Hypothermia is produced by adminis- 
tering paraldehyde or a barbiturate in sufficient amount to produce uncon- 
sciousness after which the individual is placed nude in an environmental 
temperature of 10°C. and surrounded by cracked ice. Body temperature 
falls promptly. Normal mammals, being homeothermous, resist any attempt 
to lower the body temperature by various phenomena such as shivering, 
vasoconstriction and body water shift. Deeply narcotized mammals become 
poikilothermous because their heat-regulatory mechanism is paral3'’zed. 
What effect do non-narcotizing doses of CNS depressants have on tempera- 
ture regulation when test animals are subjected to severe cold and what effect 
does a reduction of the environmental temperature have on the to.xicity of 
these substances? The experiments to be described below were undertaken 
in the hope of securing answers to these questions. 

PROCEDURE 

A number of depressant drugs were administered to young, male albino rats averaging 
250 grams in weight. A representative of each of three important groups of depressants 
was chosen, viz. pentobarbital, para!deh 3 "de, and morphine. The doses were so small 
that the animals never appeared depressed. Besides the above drugs aspirin (acetjd 
salicylic acid) and magnesium chloride were also tried. 

The rats were deprived of food and water onl^^ during the experiment. Bod^' temper- 
atures were first taken bj^ a rectal mercury” thermometer and the animals were then 
divided into three groups. The firet group, receiving the drug, was left at room tempera- 
ture (25.5°C.). The second group, immediate^' after receiving the drug, was placed in 
a cold room (3®C.) as was the third group which received no drug and served as a control. 
In some instances the animals in the cold room were placed over ice cubes. Nembutal 
(pentobarbital sodium), 25 mgm. per kilogram in 2cc. of distilled water, or paraldeh^-^de, 
0.2 cc. or 0.3 cc. per kilogram in 2cc, distilled water, were administered intrapcritoneally. 
^lorphine sulfate was given in 10, 20, 30, 60 and 70 mgm. per kilogram doses hypodermi- 
cally. Aspirin in doses of 25, 50 and 75 mgm. per kilogram with acacia was given in 2 
or 3 cc. of distilled water b^' stomach tube. ^lagnesiiim chloride in lo per cent solution 
was administered int rape ri ton cal 300 mgm. per kilogram, or subcutaneously in doses 
of 700 and SOO mgm. per kilogram. The above doses were chosen because they lie just 

130 


H\POTnEUMIV AND TOMCm OF DRUGS 


131 


bclo»\ the norm'll threshold for neuromuscular depression In cveri case the undrugged 
control received the same amount of distilled \sntcr b3 the same route 

The animals Mere placed m cages divided into individual compartments large enough 
to allow them to move about Ucctal temperatures w ere t iken at intervals throughout 
the experiment 


RESULTS 

Rats exposed to cold after the admnustration of nembutal, paraldehyde or 
morphine, m the abo\e-mentioned doses, exhibited a marked drop m tem- 



Fio 1 Effect OF Morphine AND Em ihonmentalTemperaturb ON THE Boor 
Tesiperatdre of Rats 

Abscissae, time in hours after the administration of the drug Ordinates body 
temperature changes of rats m degrees centigrade Each curve represents the average 
bodj temperature of four or more animals Room temperature is given w ith each curve 

pciature This reached its loiiest point in about two hours, after which it 
giaduallj rose After seven hours tho'se animals receiving the smallest doses 
of motphine (10 mgm per kilogram) and of nembutal (25 mgm per kilogram) 
de\ eloped a temperature but slighth Ic'?'? than that of the undrugged control 
The greatest drop m tempeiatuie, with the non narcotizing do«ie‘i emploxed, 
was pioduced by morphine, the effects of paraldehy de were intermediate, and 
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those of nembutal were least. A similar relationship between nembutal and 
morphine is seen in the ^'tranquilizing doses” of Stanton (3) and of Barlow 
(4). These results are represented graphically in figures 1, 2 and 3. 

In the experiment on morphine (fig. 1) a rise in temperature occurred in all 
animals receiving doses up to 30 mgm. per kilogram when the animals were 
kept at room temperature. This phenomenon will be described elsewhere in 
more detail. All rats receiving morphine developed a well marked catalepsy 
both at room temperature and in the cold room. Doses of 50 and 70 mgm. 



Fig. 2. Effect of Paraldehyde and Environmental Temperature on the Body 

Temperature of Rats 
Arrangement as in figure 1 


"C 



Fig. 3. Effect of Nembutal and ENviRONaiENTAL Te.aiperature on the Body 
Temperature of Rats 
Arrangement as in figure 1 

per kilogram were fatal to animals ex'posed to a temperature of 3°C. overnight. 
Even in dosage of 30 mgm. per kilogram morphine sulphate proved to be more 
toxic at this temperature than at room temperature, Three out of 4 rats 
which received this dose and were left in the cold room over night were found 
dead the next morning while undrugged controls under the same conditions 
survived. 

When the environmental temperature in the cold room (3°C.) was further 
reduced by ice cubes placed 0.5 to 1 cm. beneath the wire mesh on which the 
animals rested, 10 and 20 mgm. per kilogram doses of morphine .<?ulphate 
produced a marked drop in body temperature and death ensued in some 
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instances Under the same conditions, Mhich are not fatal for undrugged 
rats, nembutal (25 mgm per kilogram) and paraldehj de (0 3 cc per kilogram) 
become lethal Table 1 is tv pi cal of these experiments 
These results indicate that paraldehjde, morphine and nembutal become 
more toxic for rats as the environmental temperature is decreased Rat 1 
IS interesting m that it established temperature equilibrium at about 32®C 
which was maintained for several hours and was still in force w hen the experi- 
ment was terminated Also, rat 2 was unique m that its temperature fell to 

TABLE 1 


Effects of cold on body temperature and tonctty after morphine nembutal and 
paraldehyde 


HOUR9 

DSCCS and cold j 

DRUOSwiraoDTCOLD j 

1 COLD 


1 

2 

3 

4 

5 

8 

7 

8 

0 


38 C 

38*C 

37 5*C 

37 5’C 

38*C 

3S’C 

37 4*C 

37 2'C 

37 7*C 

-j 

Morphine 

Morphine 

Nembutal 

Nembutal 

Parslde- 

Morph ne 

Nembutal 

Paralde 

No drugs 2 


10 mgm 

20 mgm 

25 mgm 

25 mgm 

hyde 

10 mgm 

25 mgm j 

hyde 

cc HiO 


' /kgm 

/kgm 

: /kgm 

/kgm 

0 3cc/ 

/kgm 

/kgm 

O^cc/ 







kgm 



kgm 


0 

1 

Placed over 

ice cubes in 3*C room 


Left 

m25JX: r 

■oom 

Placed over 










lcein3*C 










room 

) 

35 5 

3S 0 

38 S 

33 0 






11 

34 5 

33 5 

38 0 

31 5 

33 5 

39 0 j 

38 8 

36 0 

88 0 

21 

32 0 

33 0 

32 5 

29 5 

33 0 

40 0 


37 0 

38 3 

4 

32 0 

34 5 

28 0 

25 0 

31 5 

38 9 

37 8 

37 3 

38 0 

5 

32 S 

27 5 

25 0 1 

20 5 

30 6 





6 

32 5 

23 0 

19 0 

Dead 


38 0 

38 0 

37 5 

33 0 


(Lively) 

(Slight dO' 

(In ex 


1 







press on) 

trem s) 


i 





H 

] Returned to 25AX3 

Dead 








I room 








20 

1 37 5 

1 38 S 



Dead 


36 7 

37 4 

37 5 
(Lively) 


23^0 at which level the animal was active and appeared normal except for 
some sluggishness of mo\ement 

Another series of experiments was conducted to determine the effect of 
restriction of activity on the ability of the rat to maintain temperature 
homeostasis m a cold environment after the administration of a sub-hypnotic 
dose of paraldehyde To this end rats after receiving 0 3 cc of pai aldehyde 
per kilogram hypodermicall} , were placed m the cold room (3®C ) and spread 
eagled on wire mesh frames over ice cubes reaching to witlun 0 5 to 1 cm of 
the V entral surface of the animal The body temperature dropped quickly 
to verj low levels and those animals vihich were not returned to a warm room 
at this juncture succumbed The undrugged controls under similar condi- 
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tions also showed a drop in temperature, dying if left exposed to the cold for 
many hours.^ However, they survived longer than the drugged animals. 

Magnesium chloride, injected hypodermically in the non-depressant 
doses of 700 and 800 mgm. per kilogram, was also found to cause a tempera- 
ture drop after exposure to cold (fig. 4). Under the same conditions mag- 
nesium chloride (300 mgm. per kilogram administered intraperitoneally) 
produced no change in body temperature in one animal while in another there 
was a transient drop of 1.5®C. lasting one hour. 

Aspirin, although an excellent drug for reducing fever, had no effect on the 
temperature of normal rats exposed to cold. Even 75 mgm. per kilogram 
produced no change in body temperature of animals exposed to an environ- 
mental temperature of 3°C. This dose is three times that found by Dickerson 
and Barbour (6) to reduce temperature by about 0.5 °C. constantly in a large, 
controlled series of fevered rats. 

"C 
39 

38 

37 

36 

35 

34 ! 1 j 1 1 — f 

0 HRS. 12345 

Fig. 4. Effect of Magnesium Chloride and Environmental Temperature on the 
Bodv Temperature of Rats 

Arrangement as in figure 1. Curves for doses of 700 mgm. of MgClj represent the 
average of two experiments and the curve for the dose of 800 mgm. at room temperature 
(25.5®C.) represents one experiment. The curve for dosages of 800 mgm. at 3°C. repre- 
sents the average body temperature obtained in three experiments. 

\ DISCUSSION 

I H3’^pnosis produces a poikilothermic condition in which exposure to cold 
causes a drop in bodj" temperature (Rumf (7)) whereas exposure to heat 
produces a rise (Dontas (8)). However, it is not necessary to depress deeply 
in order to produce a fall in bod}' temperature b}^ exposure to cold. Sub- 
hj'pnotic amounts of hj'pnotic drugs (as exemplified above by nembutal, 
morphine and paraldeh\'de) do not paralyze the central mechanism, 3'et the}^ 
cause temporary loss of some control over temperature regulation. | 

Morphine caused a greater drop in body temperature than either paraldc- 
hj'de or nembutal. The condition of catalepsy may have contributed to this 

* DiMacco (5), using guinea pigs, found that they succumbed within two hours if tied 
down and surrounded ice. We had the same experience with rats. 
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result, although a consistent rise in bod> temperature devolopcd after small 
doses of morphine m ordinarj enMronments Nembutal was the least 
effective of the drugs employ cd, producing tlio smallest temperature drop and 
the shortest duration of hypothermia with the dosages used 
The toxicitj of paraldehyde, nembutal and morphine appears to be greatly 
increased by low environmental temperatures The ordinal ily harmless dose 

of 03 cc per kilogram of paraldehyde was fatal after a number of hours at 
, a temperature successfully resisted by normal rats Similarly, nem 
butal, in a dose of 25 mgm per kilogram, was fatal m si\ hours in the cold 
Those results agree with those reported by Ra\ entos (9), who found that the 
median lethal dose of phcnobarbital at 20®C is about tw o-thirds that at 30®C 
Morphine sulphate in the relati\ely small dose of 30 mgm per kilogram is 
lethal to rats at 3®C after a number of hours Of interest was a pre-mortal 
trend back to normal temperature in many instances with this dose of 
morphine The thcrmotaxic centers reco\ er to some extent from their initial 
depression but insufficiently to enable the animal to sur\n\e 
On the other hand, Lambruchim (10) found that frogs kept at an cnMron 
mental temperature of 3“C tolerated large do‘?C3 of morphine but if brought 
to a warm room, even several days after receiving the drug, the animals died 
within a few hours In these conditions the decrease m toxicity at low tem- 
peratures IS probably due to such factors as a slower absorption Similarly, 
drugs such as thyToid and thyrotoxm are considerably less toxic at relatively 
low temperatures, according to Stoland and Kinney (11), Draize and Tatum 
(12), and Bodansky (13) 

A low ering of the resistance of the thcrmotaxic centers to the effects of cold 
may be the cause of increased toxicity of paraldehyde, morphine and bar- 
biturates rather than any direct effects on respiration or circulation 
Since paraldohy do and the barbiturates arc the drugs most commonly used 
as depressants preliminary to and during the general cooling treatment of 
cancer, the above findings have somo practical importance Although no 
fatalities have been ascribed to these uses of the drugs, Lawrence Smith (14) 
has considered edema of the brain as found at autopsy on patients who died 
shortly after treatment, as due to barbiturates The edema may, however, 
liav e been merely the result of damage to the brain by the cold 
r The temperature drop after the use of magnesium chloride accords with the 
findings of Rossi (15) and of Caltabiano (16) in rabbits and with those of 
Burton (17) in cats The first, working with magnesium chloride, and the 
second, with calcium chloride found that the intrapcntoneal injection of 
these substances followed by the subjection of the animals to low tempera- 
tures (surrounding them with salt and ice), caused a more rapid drop m 
temperatme and earlier death than in undrugged controls exposed to the same 
low temperature When magnesium was cmplovcd there developed a de- 
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crease in the water content of the liver, spleen and blood. Rossi inter- 
preted the decreased resistance to cold after administration of magnesium 
chloride as a depressive phenomenon involving the vegetative nervous system. 

A decrease in temperature at the base of the brain causes a movement of 
water into the cells of viscera, e.g,, the liver, leading to an increase in total 
osmotic pressure of serum (Barbour (18, 19)), By this means, together ;vith 
vasoconstriction, heat loss by conduction and radiation is diminished, en- 
abling the body to maintain its temperature despite adverse environmental 
conditions. Therefore it would seem more logical in explaining the tempera- 
ture fall produced by calcium and magnesium to include disturbances of 
water balance. 

Aspirin was studied as a member of the antipyretic group of drugs. This 
group is known to reduce temperature in the smaller dosage range only when 
the organism has been sensitized by fever. Inasmuch as the onset of fevers, 

^ which sensitize to aspirin, mimics the complex reaction of the body to cold, 
it was thought that a cold environment might also sensitize to the antipyretic 
action of aspirin. Contrariwise, our results show that aspirin does not at all 
influence the temperature of rats in cold environments, f 

CONCLUSIONS 

1. Morphine, paraldehyde and nembutal produce a temporary fall in the 
body temperature of rats exposed to a cold environment (3°C.) which does 
not occur in the undrugged rat. This hypothermia results from doses which 
are obviously non-depressant to the neuromuscular system either at this low 
temperature or in ordinary environments. 

2. The toxicity of paraldehyde, morphine and pentobarbital sodium for 
rats is increased at low environmental temperatures. 

3. Magnesium chloride in non-depressant doses produces moderate hypo- 
thermia in rats exposed to cold. 

4. Aspirin, in doses markedly antipyretic for fevered rats, causes no lower- 
ing of body temperature on exposure to cold environments. Therefore, the 
reaction to cold is not the factor in the onset of fever which sensitizes to 
aspirin. 
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That there may be some differences in the handling of morphine by the 
tolerant and non-tolerant animals which might explain tolerance has long 
been intimated. Recently Gross and Thompson (1) have demonstrated the 
presence of a combined form of morphine in the urine of dogs after morphine 
administration and found further that there are distinct differences in amounts 
of this “combined^' morphine in the tolerant and non-tolerant animals, the 
non-tolerant dog excreting approximately twice as much of the combined 
form as the tolerant dog. It has been previously established by Pierce and 
Plant (2) that there is no marked difference in the excretion of free morphine, 
since both the tolerant and non-tolerant dog excrete approximately 10 to 20 
per cent of a given dose as free morphine. Oberst (3) has established the 
presence of “bound” morphine in the urine of human addicts. By his method 
the amount of “bound” morphine was three to thirty-six times the quantity 
of free morphine. 

The fact that the non-tolerant dog excretes a much larger proportion of a 
given dose of morphine in a combined form as compared to the amount ex- 
creted by the tolerant dog indicates at least a partial difference in the handling 
of morphine as tolerance is established, but this difference is insufficient to 
explain the question of tolerance. It was therefore thought important to 
study further the properties of this combined fraction. While these studies 
do not shed any more light on the question of tolerance, we have established 
a further difference in the metabolism of morphine in the tolerant and non- 
tolerant dog. 


METHODS 

Both tolerant and non-tolerant dogs were employed. The tolerant animals 
were on a constant 20 mgm./kgm./day morphine sulfate dosage for two to 
three years, while the non-tolerant dogs were given the same dosage for not 
over two days. Diet and water intake were controlled before and during the 
experimental periods. For greater detail concerning care and handling of 
the animals see Plant and Pierce (4). 

The method of analysis has been described by Gross and Thompson (1). 
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llESELTb 

1 Demonslralion 0 / Ivlo types of combined morphine 
At the beginning of a stud} on the properties of the combined morphine 
excreted in urine ^ \\c thought that ‘«ome data of lntorc‘^t would be secured 
from following the rate of hydrol}sis of this combined morphine Accord 
mgly, the urine wa^ made acid with h}drochlonc acid, maintained at 100®C 
and aliquots were rcmo\ed at various inter\als for anal} sis ^^e soon dis- 
co\ ered that only a small fraction of the morphine w as set free b} this method 
the rest being h}drol}zed onl} by thirt} minute treatment with 5 per cent 
concentrated Indrochloiic acid in the autoclave under 15 pounds pre^^sure 
Figure 1 summarizes the results A fairh uniform rate of h}droI}Sis was 
found for the first '“ixtv minutes with subsequent verj slow rate This 
rate of break-dow n was fairl} constant from pH 1 to 3, below this h}drogen 
ion concentration the h}dralysis proceeded ver} slowl} or did not occur in 
appreciable amounts The pH was attained b} addition of suitable amounts 
of hvdrochloric acid, and was determined bv a Beckman pH meter These 
hvdrogenion concentrations were checked after the h}drol}sis period and 
found to be practicall} unchanged 

This morphine fraction which ls set free b} two hour h} droljsis at pH 1 to 
2 at 100°C we have designated ns the “casil} h} drol} zable” fraction The 
remainder of the paired morphine, sot free bv thirty minute h}drolysis with 
5 per cent of concentiatcd h}drochloric acid (bv volume) m the autoclave 
under 15 pounds pressure has been called the “difficultly h} drol} zable" 
fraction 

Thus we have four morphine fractions to consider in morphmized dogs 

* The compound which gives the morphine color reaction after hydrol}8i8 of the unne 
haa been identified as morphine Dr L F Small at the National Institute of Health 
^^ashlngton D C 

Morphine hydrate isolated from dogs urine after hydroljsis showed the following 
analysis 

52 5 mgm in 10 0 ml of 0 0998 sulfuric acid show ed a = —0 61" at 30° 

WS = -116 2" (c = 0 0525) 

Pure morphine in the same solvent [aln = —117 6" 

62 8 mgm of the base was dissolved in 12 drops of pyndme with 7 drops of acetic 
anhydride and allowed to stand at room temperature for 16 hours The solvent was 
removed m a vacuum at 50" the residue dissolved in 2 ml of w ater and the product was 
precipitated as fine white crystals by slow addition of solid sodium bicarbonate jield 
69 mgm It was rccrystallized twice from ethjl acetate and compared with diacet}) 
morphine 

Melting point of the acetylation product 172 -173® 

Melting point of pure diacetylraorphine 172 6 173 4® 

Mixed melting point 172 5 173 2" 

All melting points with total stem immersion 
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(1) Free morphine, extracted from untreated urine; (2) “Easily hj'dro' 
lyzable” morphine; (3) “Difficultly hydrolyzable” morphine; and (4) a 
fraction of the injected morphine which is lost, being either destroyed in the 
animal or excreted in a form so markedly changed that it is not possible to 
detect it as morphine by our method. 



Fig. 1. Hydrolysis of Combined Morphine in Urines of Morphinized Dogs 
iMorphine set free in aliquots of urine made acid to pH 2 and maintained at lOO'^C. for 
the indicated times. A and urine of tolerant dogs. <7 and D, urine of non-tolerant 
dogs. 

Excretion of the two types of combined morphine in tolerant and 
nontolerani dogs 

Urine was collected for a period of twenty-four hours following injection of 
morphine and analyzed as described. Ten animals of each group were used; 
the results are shown in tabic L The percentages are given in the percent 
of the total dose of morphine that was excreted during a period of 24 hours for 
tolerant dogs, 72 hours for non-tolerant dogs. It will be observed that the 
tolerant dog excretes a greater amount of “easily hydrolyzable” morphine 
than does the non-tolerant, while the reverse situation obtains with the “dif- 
ficultly hydrolyzable” morphine. 

If the calculations are based on the amount of morphine injected, the re- 
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suits ire equallj striking In figinc 2 is demonstrated graphicallj the fito of 
injected doses of moiphine in a tolerant (24 hour urine specimen) and a non- 
tolerant dog (mine collected for 72 hours after single dose) The free mor- 
phine IS the simo in both cases The “easilj lijdrolizablc” morphine ac- 
counts for 8 per cent of the injected dose in tlie non-tolennt, JO per cent m 

TABhL 1 


Morphine parliUon in urine after a single injection of the drvff 



rHCS MORPHIMC 

eabilt 

rtdboltiable 

DimCtJLTLT 

HTDROLTZABtE 


ptr tfni 

ptr ctnl 

prr e*nl 

Tolerant dogs 

19 26 i 

16 34 

42 59 

Non tolerant dogs 

13 25 1 

1 12 

05 85 


The figures are given in terms of total morphine recovered from urine The unne 
excreted over 24 hours (i e between daily doses) from tolerant dogs was analyzed^ 
while the unne from non tolerant animals was pooled for 72 hours after a single dose and 
the morphine fraction determined For further explanation sec text 


NON TotMANT 
Tolerant 



0 - 


Unrcoovcreo 

NORf*HINC 


OtrrieoLTLY Kyor^lyzarlc 

HORPKINC. 


EASILY HYOROLYZAQt-e 
MORPHINE. 


l-rRce Morphine 


Fig 2 Fate of an Jnjected Dose of Morphine 


Hecovery of morphine fro~ 
recovery of the injected do 
collected for 24 hours, that c 


Results are in percentage 
of the tolerant dog was 


the tolerant dog “Difficultlj hydrolj zible" morphine is represented by an 
excretion of 6G per cent of the injected morphine from the non tolerant dog, 
35 per cent from the tolerant dog About 6 per cent of the morphine is un- 
accounted for in non tolerant dogs, while 35 per cent is destroyed or altered in 
tolerant dogs 
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TABLE 2 

Total morphine excretion 



T01.ERA>T 

Kate per 

1 HOtTR 

I 

KOH^TOLERART 

BATE PER 
HOUR 


cent 

per cent 

per cent 

percent 

At end of 2 hours 

28 

14.0 

20 

10.0 

At end of 4 hours 

45 

8.5 

44 

12.0 

At end of 7 hours 

51 j 

2.0 

67 

9.0 

At end of 9 hours I 

52 1 

0.5 1 

72 

2.5 

At end of 24 hours 

65 

0.6 

88 

1.+ 


Excretion of morphine in urines of tolerant and non-tolerant dogs at various intervals 
after an injected dose (20 mgm./kgm.)* The columns headed Tolerant and Non-toleranl 
indicate the total morphine excreted at the end of the indicated hours. The Rate per 
hour columns show the percentage of the injected dose excreted during the interval the 
urine sample was collected. 


% NoN-ToLERANT TotERANT 



H00R5 AFTER INJECTION 


OIFFICULTLY HYPROLYSABLC MORP/f/WC 


EA^iLY Hydrolyzable morphjnc 


^cHYOROLYZABIC MPRPHINC.BOrH FPRM>S 

mcFREE Morphine. 


Fig. 3. Morphine Fractions ix Urine 

Urine was collected from morphinized dogs at the indicated intervals after injection, 
and the samples analyzed for the various fractions of morphine. The results are gt\ en 
in the per cent of total morphine found in the sample of urine for each period. 
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S Rale of excretion, and rclatne amounts of fractions of morphine excreted after 
injection 

Ihc animils as ere cathetenzed at definite inters als after moiplune injection 
riie urine svas analszed for total morphine and for free and combined frac- 
tions It ssas not possible to obtain a sample for the first hour after injection, 
'samples sscrc drasvn 2 4, 7, 9 and 24 hours follossing the administration of the 
morphine The peak in rate of excretion is reached m tolerant dogs during 
the first 2 hours, later in non-toleiant dogs At the end of 4 hours, the ex- 
cretion of injected morphine is about the same in both groups of dogs, i c 
45 per cent of the injected dose At that time the tolerant dog has excreted 
about 70 per cent of the total amount he is going to lose, and morphine appears 
m small amounts from that time on Non tolerant dogs at 4 hours have ex- 
creted lc«s than 50 per cent of the total to be excreted, and these animals have 
therefore much larger amounts of morphine in the urine 
The rate of excretion of the morphine fractions is not constant (sec fig 3) 
During the first 4 hours there are relatively large amounts of all three fractions 
of morphine present in the urine of both tjpes of animals After this a 
definite trend appears, m tolerant animals the relative amounts of combined 
fractions decrease until the excretion consists almost entirely of free morphine 
In the non-tolerant dogs, on the other hand, free morphine decreases in rela- 
tive amounts, “easil 3 hydrolj zable" entirely disappears after the first 9 hours, 
and the morphine is excreted largely as the “difficultly hydrolyzable” fraction 

DISCUSSION 

It has been demonstrated that approximately 100 per cent of injected 
morphine can be recovered from urine of non-tolerant dogs, while but 50 
to 65 per cent is leclaimed from tolerant dogs (1) In thrs paper further 
differences in the mode of handling morphine have been shown The com- 
bined morphine has been separated into tsso fractions, (i) an “easily hy- 
droljzable” fraction, excreted in larger amounts in the non-tolerant dog, and 
(2) a “difficultlj hj drolyzable” fraction which is excreted in greater quantities 
in the tolerant dog Furthermore, the free morphine fraction predominates 
m the urine of tolerant dogs after the other fractions have nearly disappeared 
Ihis IS in marked contrast to the excretion in non-tolerant dogs Here the 
“difficultlj hj drolyzable” fraction of the combined morphine is relatively 
higher toward the end of excretion free morphine is low, and “easily hydrolyz- 
able” fraction completely disappears 
The presence of several fractions of morphine in urine of morphmized ani- 
mals was suggested by Stolnikow (5) and bi Marquis (6) , the latter named his 
fractions “free,” “paired ” and “altered” form of morphine Endo (7) 
found an increa'^e m morphine jield after urine was treated with acid, this 
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increase probabl)^ corresponds to the fraction we have called “easil}'' hydrolyz- 
able^^ morphine. None of these workers showed any difference in excretion 
of these fractions in tolerant and non-tolerant individuals, Oberst (2), using 
urine from human addicts, found an increase in morphine yield after three 
hour hydrolysis at lOO^C. with one-fifth volume of concentrated hydrochloric 
acid. 

The results reported in this paper clarify to some extent the findings of 
Pierce and Plant (8). It should be realized that these workers were deter- 
mining only the free morphine in tissues and excretions of tolerant and non- 
tolerant dogs. The excretion at the end of four hours was approximately 
identical for both groups of animals. This also holds for excretion of free 
plus combined morphine (table 1). However, Pierce and Plant ( 8 ) reported 
the morphine 3 deld in the excretion of tolerant dogs during the next twentj' 
hours was greater than from non-tolerant dogs. From our data the excretion 
of the tolerant dogs 4 to 24 hours post-injection consists largely of free mor- 
phine, that of the non-tolerant dogs of combined morphine. Taking into 
consideration this combined morphine, the non-tolerant dog excretes about 
44 per cent of an injected dose during this 4 to 24 hour period after injection, 
the tolerant dog only 20 per cent. From the tissues examined, Pierce and 
Plant (8) recovered more “free” morphine (42.8 per cent) in the non-tolerant 
dog four hours after injection, while at the end of twenty-four hours the tissues 
of the tolerant dog contained more morphine (46 per cent) than the non- 
tolerant animal. It was rather difficult to explain what happened to the 
morphine in the body of the non-tolerant dog. From the data presented in 
this paper it is evident that the non-tolerant dog excretes this excess morphine, 
largely as combined morphine. 

The role which these fractions of morphine play in the metabolism of 
morphinized animals will be discussed in a subsequent publication. 

SUMMARY 

1. The “combined morphine” in urine of morphinized dogs may be sep- 
arated into “easil 3 '” and “difficultly hydrolyzable” fractions. 

2. Tolerant dogs excrete relativel 3 " greater amounts of the “easily hydro- 
lyzable” fraction of the combined morphine than do non-tolerant dogs. 

3. Seven to twent 3 ’’-four hours after injection of morphine, urine of tolerant 
dogs contains mostly free morphine. During this same period, non-tolerant 
dogs excrete relatively large amounts of the “difficultly h 3 -droIyzable^' mor- 
phine fraction. 

4. Tolerant dogs reach a peak in rate of morphine excretion more quickly 
than do the non-tolerant animals. The latter, however, continue to excrete 
relatively large quantities of morphine after the drug has practically disap- 
peared from the urine of tolerant dogs. 
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Numerous modifications of para-aminobenzoic acid have been made since 
Einhorn (1) demonstrated in 1899 that esters of this compound produced 
local anesthesia but Einhorn 's (2) diethjd-aminoethyl ester of para-amino- 
benzoic acid (procaine) still is the most extensively used of all the local 
anesthetic agents. 


nh.<^ ^ 


CjH, 

/ 

COOCH 2 CH 2 N 

\ 


C2H6 


I (Procaine) 


Brakcr and Christiansen (3) deviated slightly from the basic benzoic acid 
nucleus and synthesized the following biphenyl compounds: 


H^Nr 


II 


NH 2 


JC00(CH2)2N(C2H6)2 


/\cOO(CH2)2N(C2H8)2 


III 



C00(CH2)2N(C2H6)2 


IV 

'This investigation was supported in part by the D. J. McCarthy Foundation. 
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These authors found tint II uas a moic act)\c local anesthetic than pro- 
caine or cocaine but of no apparent therapeutic Aaluc because of its irritant 
properties, III was compiratuelj inactive and IV too acid for testing^ 

The following biphenyl compounds were prepared by Case and Koft (4) 
and ha\c been made available** for the picscnt studies 


NHj 

0 

0)O(CH8)2N(CiHs)j 

V 

M p , 7S-79“C 



\^'cOO(CH2)2X(C2H6)n 

O COO(CH2)2N(C2H5)2 

VII 

M p , Gd-eS^C 

Ihc piesent experiments have been earned out primarily to dtternune 
if the three new biphenyl compounds (^ , Yl, YII) hav e local anesthetic 
properties and if so to ascertain if they possess any'^ advantages ovei existing 
substances Ihe present studies also should vield information conceining 
the effect of position substitution on local anesthetic activity and toxicity 
The criterion of then effectiveness was their abihtv to produce dermal anch' 
thesia as studied by the technufuc described by Rose (5) Aqueous solutions 
of the compounds were injected in 0 I ct volumes intradcrmally in guinea 
pigs bhaved free of hair and tlic presence oi absence of ancstliosia tested by 
faradic stimulation of each area injected Piocaine served as the standaid 
of compari''on foi duration of ane^tliesia 
In figure I it IS sliown that in the piesont exjimments piocaine in 01,05 
and 1 0 percent conccntntions pioduced ancsthcMa bv mti acutancous inicc- 
tion in guinea pigs foi an average duiation of 2 19 and 31 mmutis respec- 
tively In bpitc of the low toxicity of procaine its use as an infiltration 

'These compounds have been supplied by Dr F H Cose of the Department of 
Organic Chemistry, Icmplc University 
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Numerous modifications of para-aminobenzoic acid have been made since 
Einhorn (1) demonstrated in 1899 that esters of this compound produced 
local anesthesia but Einhorn ^s (2) diethyl-aminoethyl ester of para-amino- 
benzoic acid (procaine) still is the most extensively used of all the local 
anesthetic agents. 


NHo/~^COOCH2CHjN 


\ 


C2H5 


C.Hs 

I (Procaine) 

Braker and Christiansen (3) deviated slight^ from the basic benzoic acid 
nucleus and S3mthesized the following biphenyl compounds: 

NHs 


A 


L^C00(CH2)2N(C2H6)2 

ky 


/\cOO(CH2)2N(C2H6)2 

\/ 

\/ 

II 

\/ 

/\ 

in 


C00(CH2)2N(C2H6)2 
IV 

'This investigation was supported in part by the D. J. McCarthy Foundation. 
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In this figure it also is to be noted that 0 1 and 0 5 per cent concentrations 
of V m 1 100,000 epinephrine caused anesthesia for an average of 140 and 
103 minutes respectivelj 

Di-{j^-dt€thjlaminoeihyl) S-2*‘diamtno-5-5'-hiphenylcarboxtjlale hydrochlondc 
(F/) In figure 1 it is shonn that VI produced anesthesia of the skin m 
guinea-pigs in 0 5 and 1 0 per cent concentration for an average of 67 and 88 
minutes In 1 100,000 epinephrine these same concentrations of VI pro- 
duced anesthesia for 71 and 84 minutes 

I>i-‘{ff^i€thijIaminocthyl)’d-5*-diamtnodiphcnale hydrochloride (compound 
VII) In figure 1 it is to be obscr\ ed that VII in 0 5 and 1 0 per cent solu- 
tions produced an average duration of anesthesia m guinea-pigs of 117 and 


TABLE 1 

Subcutaneous toxicity tn guinea pigs 


courouND 

DOflK 

AiriUAU l>IKD/AmUA13 tKJKcTEO 


rngn /kgm 

200 

5/9 

V 

150 

0/4 


100 

0/6 

f 

225 

4/5 


200 

6/6 

VI 

150 I 

4/9 


100 

0/3 

1 

75 

0/5 

f 

100 

10/10 

vn i 

75 

8/10 

[ 

50 

i 1/0 

I 

400 

10/10 

Procaine ^ 

375 

8/10 

1 

350 

2/10 


168 minutes A slight prolongation of anesthetic action of VII b> epinephrine 
IS shoun bj the fact that m 1 100 000 epinephrine, 0 5 per cent concentration 
of VII caused anesthesia for 172 minutes and in 1 0 per cent for 197 minutes 

Corneal anesthesia The presence or absence of corneal anesthesia was 
tested after aqueous solutions of the tompounds had been instilled into the 
conjunctival sac of rabbits and allowed to remain in contact with the e>e for 
e\acttj two minutes Anesthesia was obser\ed bj touching the cornea with 
the rounded end of a fine glass rod Absence of the winking reflex was taken 
as endeiice of anesthesia 

It was found that the a\erage duration of anesthesia after 1 0 per cent 
cocamc w as 25 minutes and after 2 0 per cent, 37 minutes The same concen- 
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trations of V produced 24 and 33 minute anestliesia. The average duration 
of anesthesia after 1.0 and 2.0 per cent VI was 45 and 54 minutes. In the 
case of 1.0 and 2.0 per cent VII, anesthesia was obtained for 63 and 71 minutes. 

Toxicity, It was found that subcutaneously in guinea-pigs the M.L.D. of 
V was above 200 mgm. per kilogram of body weight and that of VI between 
150 and 200 mgm. per kilogram of body weight (table 1). The M.L.D. of VII 
subcutaneously was 75 and that of procaine 375 mgm. per kilogram of body 
weight (table 1), 


DISCUSSION 

In consideration of possible advantages of the biphenyl compounds over 
local anesthetics in common use, certain facts are apparent. While the dura- 
tion of anesthesia after intracutaneous injection of V in guinea-pigs is one and 
one-half times that observed after procaine the former is more toxic and 
causes tissue damage. Although the anesthetic potency' of VI is greater than 
that of procaine it is also more than twice as toxic subcut aneousb^ as the latter. 
The marked dermal anesthetic activity of VII is offset bj’’ the fact that it is 5 
times more toxic than procaine. 

While the duration of anesthesia of rabbit cornea produced by VI and VII 
was greater than that caused by cocaine, poor depth of anesthesia precludes 
their use as topical anesthetics. Despite its lower toxicity, V produces 
anesthesia of rabbit cornea which compares in depth and duration with that 
of cocaine but is inferior to the latter because it produces marked irritation 
in 2 to 3 per cent concentrations. It would appear, therefore, that the present 
biphen3d compounds are not superior either b}’^ injection or topical application 
to those agents in common use. 

In a consideration of the effect of position substitution on anesthetic activity” 
it should be recalled that in the present e.xperiments V, which differs from 
III onlj' in the position of the ester gi’oiip, produces marked anesthesia, 
whereas Braker and Christiansen (3) state that III was relatively inactive. 
In the present studies it also was found that compound \TI produced anes- 
thesia in guinea-pigs of longer duration than VI and that the anesthesia of 
A'll was slightl}^ prolonged b^’’ epinephrine whereas that of ^T was unaffected 
by the vasoconstrictor agent. 


SUMMARY 

1. The hydrochlorides of /3-dicthyhminoeth5d-4-amino-4'-biphcn\4 
carboxylate (compound Y), di-(^-diethylaminoethyl)-2-2'-diamino-5-5'-bi- 
phenylcarboxjdate (compound VI) and di-(/S-diethylaminoeth\d)-5-5 -diamino- 
diphenate (compound Yll) were found to have marked local anesthetic 
properties. 

2. The anesthetic activity of after intradei-mal injection is .slightly gi-eatcr 
than that of the hj^drochloride of p-amino-bcnzoyl-dicth^damino ethanol 
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(procaine) but it is also more toxic subcutaneously and produces tissue dam- 
age. While the anesthetic potency of "M is somewhat greater it is also more 
than twice as toxic subcutaneously as procaine. Tlie marked anesthetic 
activitj” of VII as compared with procaine is offset by a Bve fold increase in 
subcutaneous toxicity. 

3. The irritant properties of V and the poor depth of anesthesia produced 
by VI and "NTI make the present biphenyl compounds inferior to cocaine as 
topical anesthetics. 

4. Comparison of V with closely related substances discloses that position 
of the substituent groups on the biphenyl nucleus alters local anesthetic 
activity- This also was observed in the case of compounds VI and VII. 

I wish to express my thanks to Dr, A. E. Livingston for the helpful sug- 
gestions and encouragement received. 
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Langley and Anderson (1) observ'^ed that atropine in very large doses (150 
mgm. in the dog, 50 mgm. in the rabbit and cat) had some inhibitorj*^ effect 
on vesical contraction resulting from sacral nerve stimulation. Later Lang- 
ley (2) confirmed the partial inhibitor}’' effect of large doses of atropine, which 
also completely abolished the contractile effect of pilocarpine. Streuli (3) 
confirmed the inhibitory effect of atropine on the bladder contraction pro- 
duced by pilocarpine, Henderson (4), contrary to Langley, could observe 
no inhibitory effect of large doses of atropine (100 mgm.) on bladder contrac- 
tion induced by sacral nerve stimulation. Atropine did, however, lower both 
preexisting tone as well as tone due to pilocarpine. Henderson and Roepke 
(5, 6) suggested that the effects of pilocarpine and physostigmine were asso- 
ciated with the tonus mechanism, for they were abolished by atropine which 
had no effect on the contractile mechanism. While atropine could inhibit 
the peripheral tonic effect, it could not counteract the contractile effect 
referable to ganglionic stimulation. Henderson and Roepke (G) concluded 
that the tonus mechanism adjusts the intravesical pressure to inflow, and 
that the contractile mechanism is not weakened by a fall in tone. The poor 
inhibitory effect of atropine on the contractile action of the para.sympathetic 
nerves and its good inhibitory effect on the action of parasympathomimetic 
drugs was subsequently confirmed in the intestine by Bayliss and Starling 
(7). Henderson (4), however, reported some weakening of the effect of vagus 
stimulation on the intestine by meaas of atropine. Le Heux (8) demon- 
strated that choline, which is liberated by the intestine, stimulates the latter 
organ. Atropine is able to inhibit choline action. However, if the choline 
is washed out, the antagonistic effect of atropine is absent. In the uterus, 
Cushny (9) observed that atropine abolished the respom^e to pilocarpine and 
phy.sostigmine, but the response due to nerve stimulation remained unaltered. 
Prostigmine, which has been employed to relieve post-operative urinary reten- 
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tiou b> Mardcn and Willjnmson ( 10 ), Ins been invo'^tigated MNcnon ( 11 ), 
and Greenberg, Loman and Mjerson (12) m man ^Iverson maintains that 
mechol>l and piostigmme ha\t. onl\ a ‘flight effect on the bladder uhen gi\cn 
'icparateh, though a m irked effect when gi\en together The slight ofiect 
of raecholi 1 IS contran to be \ in’s (13) obsenationsin the cat, in which animal 
a \crj definite effect was produced The findings to bo described confiim 
Lexm's report, and also contradict M 3 arson's conclusion that prostigmine 
has little ofiect on the bladdci 

■MATERIAL and METHOD 

Ihirt) seven c\pcriinciits were performed on eleven femilo cats under nembutal 
anesthesia The app'iratus used is similar to that described bj Lang^ortlij Kolb 
and I.CHIS (14) but for the inclusion of the Marriottc mechanism Instead of the re- 
peated introduction of fi\cd increments (5 cc for the cat 50 cc for man) of fluid until 
the bladder is filled a constant flow of w ator into the bladder w as adopted The cystom 
rter (fig 1) is joined to a glass cannula (5) which is passed into the bladder through the 
urethral orifice With the bladder empty and the stopcock (5) adjusted to give the rate 
of flow desired, the othci stopcock ( 4 ) is ojiencd to allow a stcadj stream of v^atcr to 
pass from the reservoir (£) into the bladder The pressure m the bladder can be read at 
all times on the manometer ((?) which is joined to a recording tambour through the 
medium of rubber tubing (7) By means of a tube (fl the pressure of the receding 
column of water in the reservoir is kept constant in accordance with Marriottc s pnn 
ciplc The latter IS discussed in greater detail by 1 eitelbaiim and Hanic (15) As soon 
ns the water beings to leak around the catheter the stopcock ( 4 ) is closed 

fhe apparatus desenbed above permits the introduction of fluid into the bladder at 
a constant pressure Tins is importnnt because the tone of the vesical muscle varies 
with the pressure at which it is filled When fluid is introduced rapidlj under great 
pressure into the bladder the resistance of the muscle is increased in response to stretch 
With 1 constant prcssuic the only variant present is the resistance to the introduction 
of fluid built up by the muscle tension during the process of filling 

lor the purpose of stimulating the bladder Bubcutancous injections of drugs were 
used ns follows pilocarpine hj drochlondc lto2mgm prostigmine inetfivlsulphatc 
0 5 to 1 5 nigm csciine sulphate 5 to 7 mgm and mecholjl (Merck) (ncetylbeta 
mcthylcholinc chloride) 2 to 5 mgm hsorino sulphate in smaller doses of 1 to 3 mgm 
was incfTective Jn some cases com! inations of prostigmine and mechobl in small 
doses of 0 1 to 0 2 mgm were used All of these drugs showed definite stimulating cfTects 
on the bladder In addition tliort were other rtsponscs such as aabv ation Iftcrimation 
nasal secretion defecation and vomiting Soon after the bladder responded to the 
particular stimulating drug being cmplojcd atropine sulphate in doses varying from 
0 1 to 1 0 mgm was administered intranuiscularlj In this manner some of the mcch 
anisms brought into ji]a> by these mutually antngomstit forces could be studied Since 
all of the stimulating drugs acted in a more or less similar manner the dati will be 
presented from the point of view ol the diflcrciit patterns of bladder behavior that 
could bt discerned 

RESULTS 

The normal bladder 

The response of tin. cut’s bladder to filling undci constant piessuic is not 
entirel 3 unifoim Thtit is considoiable \anatjon in different animals, and 
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while individual animals generally repeat the patteins of their reaction, 
variations maj” be present here also. 

Cats can be divided into ti\o groups \\ith regard to the contractile ability of their 
bladders as the result of filling. One group has poor or no contractile ability, as illiis- 



Fic. 1 Di\on\MM\Tic Illustration’ of C\stometer 
7, Glass tube 2, Reservoir S, Stopcock for adjusting rate of flow . 4f Stopcock for 
starting or stopping flow 5, Glass cannula used as catheter 6, Manometer 7, 
Connection to tambour The arrangement of tlic glass tube, 1 to the reservoir, 2 is 
according to the Marnotte principle which maintains a constant head of pressure in a 
receding column of water 

trated in figure 2, 7, while the othci has good contractile ability’ as in figure A, 7 This 
agrees with the observations of Dcnn>-Brow n and Robertson (13) in man 

The pioblcm of bladder tone is complex. Langworthy, Kolb and Lewis (14) refer to 
a number of “objective criteria by means of which it is possililc to disdiss tone in the 
iirinarj bladder 7'hese are the cajiacit.v, the abilit}' to accommodate to increased 
volumes, the resting pressure in the bladder empty and during filling, and the response of 
the muscle to sudden stretching “ Because it was the most prominent criterion in the 
CNperimonts to ho described, the “resting jirc^sure of the bladder” while cmpt> ordurinp 
filling will be adopted as descriptive of the tonus mcchaiiis! 
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\s \vith the rontractile aliilit\ tlurc w tjins of re^^ponscs apropos of tout 
In some animals the blaildcr ran be to npiniK m I overnow occurs with Mr} 
little rise m tone (fig 2 /) while in othcrv tli( tone mcica^st s ronsnlerabh a-^ tin hlachler 
fills ‘Ihis conRrina JIrnf}er5on and Ilofpko s (0| eoinhf^iion that the tonus nuehantsm 
adjusts the intrivcsical pressure to inflow Ihit tin eintrietilc miehinisni is not 
weakened b} a fall in tone is ni untamed h\ the*.! nutliors 14 , also amph su])pntiil hj 
the dat i to be presented 

^\hlIc tone and contraetjle ahihtj art dissoeiatid from one another for purjiusis of 
discussion it IS gi neralls conceded that the two p! ennnicna as the\ occur in stri ittd 
muscle and probibl} also m smooth muscle an innnifostations of the same meet mism 
Fulton (16) presents evidence that the eUmenfs rosporsible foi tic miiintenanu nf 
tension in a tome niiisclo arc those which contr ict when i motor nerve is stimulated 
lone it IS pointed out is the as} nchronoiis stimulation of individual niiisck filers 
AMiilc various muscle fibers arc alTictid alternatciv a relativelv uniform degree of ten 
Sion ran nevertheless be achieved Movement on the other liand is the result of tl c 
synchronous contraction of large groups of muscle fibers Dennj Brown and Bobert 
son (17) interpret their results in the I ladder in a rnann r that complies precisely with 
the principles set forth by Fulton (16) I he tonic mtehuiiim is of import mcc in the 
bladder because it can be regulated to permit the rutcntion of various quintities of 
fluid at approMmattly the same pressure Conti letions as seen m tin vtsical muscle 
arc of different types Rhvtiimical waves aie bkih to appe ir during the process of 
filling V well sustained contraction mav empty the bladder complctclv itisactuallv 
not possit k to separate the clcmi nts of vesual tension as recorded with the kymograph 
from one another and to refer to them ns t< iic and contraction However in arranging 
the response of the bladder to drugs this rather artificial distinction will be used for 
convenience 

The effect of f?rw <75 on bladders uilh low lone and poor normal contractile 
ability In a bladder mth low tone and poor contractile ability stimulating 
drugs tan cause a decrease in capacity m association with only slight increases 
in tone and mcagei contraction of tlic bladder Figure 2 presents such a 
case The tone in the control record (/) avciaged liotwecn 10 and 15 cm of 
water, and leakage took place around the cathctci at a pressure of 20 cm 
after 75 cc of watei had been introduced into the bladder Thoic was no 
contraction at the time of lealvage Aftci jiiostigmine and mechohl (fig 
2 2) the tone yaried between 15 and 20 cm of water which is only a slight 
n‘^ 0 , and the bladder capacity dccrc ased to 45 cc I eakage about the catheter 
octurred with only a minor contraction Atiopim was administered yyhile 
record 2 yyas being taken, and twenty-thiee minutes later, recoid 3 was ob 
tamed The tone was at about the original by cl and there was le&s spon- 
taneous activity than prey lously The yoliimc liad merca-ed to 115 cc and 
leakage ocemred yyithout any sign of contraction following a giadinl u«c in 
tone to 22 cm of yyater 

In the aboyc experiment there is no sti iking cem elation between tone (in 
traycsjcal prcsMiro) and the filling capacity hilc the yolumc vyas de- 
creased 40 per cent there was onh a slight and inccnst int ri^c in tone 
Atropine abolished the irrcgulaiities in the cuiyo in figure 2 4, as yycll as the 
feeble contractions m figure 2, 2 Vtropine can the ic fore c ffectiy eh oppose 
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bladder contractility due to stimulating drugs. Other c.Kporimcnts have 
demonstrated this feature more strikingly than that illustrated in figure 2. 

In another animal with low initial tone (fig. 3) the administration of pilo- 
carpine reduced the volume from 75 to 18 cc., and at the same time elevated 
the tone and markedly accentuated the rhythmic fluctuations normally pres- 



Fig. 2. Cat T 19, 7/22/40. Prostigmine and mecholyl decreased the volume and 
increased the tone, but only slightly increased the initially poor contractile power. 
Atropine decreased the tone, increased the volume, and abolished the poor contractile 
power. Sf Start of inflow of fluid into bladder. L, Leak of fluid around catheter. 
Time, five seconds. 

1, S at 1:05. L after introduction of 75 cc. Prostigmine 0.2 mgm. subcutaneously at 
1:06. Mecholyl 0.2 mgm. subcutaneously at 1:07. 8, S at 1:35. L after introduction 
of 45 cc. Atropine 1.0 mgm. intramusciilarlj' at 1:37. 3, 8 at 2:10. L after intro- 
duction of 115 cc. 



Fig. 3. Cat T 8. 4/9/40. Pilocarpine decreased the volume and increased the tone 
and rhythmic contractions. Atropine lowered the tone and increased the volume. 
The contractile ability, which was very poor initially, became good after the atropine, 
but was finally reduced. 8, Start of flow of fluid into bladder. L, Leak of fluid around 
catheter. Time, five seconds. 

If 8 at 10:45. L after introduction of 75 cc. Pilocarpine 1.3 mgm. subcutaneously 
at 10:47. 8 at 11:00. L after introduction of 40 cc. 3? 8 at 11:25. L after intro- 
duction of 18 cc. Atropine 0.2 mgm. intramuscularlj’' at 11 :30. 8 at 12:35. L after 

introduction of 25 cc. 5, 8 at 12:45. L after introBuction of 30 cc. 3, 8 at 1:10. L 
after introduction of 40 cc. 

ent. This e.xpcrimcnt i.« particularly intorc.sting because it can be seen in 
rceords and 8 how leakage oecurred along with one of thc.so rhythmie 
fluctuations normally prc.sent. Following atropine the volume was gradually 
increased to 40 cc., the tone was lowered, and the rhythmic activity was al- 
most completely abolished. However, leakage occurred in records 4 and 5 
as the result of very definite contractions. 
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In tlu abo\c cxponmcnt bhddci contraction a'^sociatcd \Mth leakage \\as 
induced b\ pilocarpine in a cat in uhich leakage occurred without contraction 
m the control \\Tiilc this contractiht 3 was ultimately diminished M the 
atropine (fig 3 6) it ncxertheltss persisted o\cn aftei the ineiease in bladdei 
tone had been reduced to normal 

The effect of drugs on bladders uilh hit tone and good normal contracttle ability 
Ju^t as the bladders of certain animals legularl^ show pooi contractile abiliU 
others piesent a constant picture of excellent contractile power Some am 
mahdo however show variations in bladder contractihtv from time to time 
In figure 4 1 the emptj ing conti action of the bladder had the pressure of 50 
cm of water though the initial tone was onlj 10 cm Following small doses 
of mechobl and prostigminc (fig 4 ;0) the volume fell from 60 to 30 cc and 
the tone rose to about 35 cm while the contractihtj n mamed excellent 



Fir 4 Cat T I2 7/8/40 Mceholvl and prostigmine caused an increase in tone 
and decrease in volume of the bladder Atropine lowered the tone and increased the 
volume but the contractile pow er remained good <S Start of flow of fluid into bladder 
L Leak of fluid around catheter Time five seconds 

/ 5 at II 45 L after introduction of 60 cc Prostigmine 0 2 mgm subcutaneoiiah 
' at 11 47 S >S at 11 50 /, after introduc 

jacularb at 12 05 S S at 12 18 L after 
r introduction of 55 cc 

After 0 9 mgm of atropine the tone returned to its onginil pressure of 10 cm 
of water and the volume incrca'^ed to 55 cc (fig 4 4) The emptying 
contraction was reduced about 10 cm of water This reduction m normal 
contractile abilitj following atropine was ‘^een on a number of occasions 
though it IS not constant b^ anv means This would indicate that atropine 
can partiallv oppose the normal contractile power of the bladder In othci 
experiments atropine in tw ice the do c used in the experiment illustrated in 
figure 4 was found to have no inhibitorv effect on the normal contractile 
powci (in the absence of stimulating drug'^) of the bladder of the same cat 
However prostigmine when admini'^tered after an adequate do'^e of atropine 
was found to have no effect on the liladdtr 

The effect of drugs on bladders uitk normally high tone and good normal con 
tractile ability In the review of prcviouslv published work wo pointed out 
that atropine is able to lower a high state of tone in the bladder, even when 
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this is not due to drugs. This observation has l:ccn confirmed as is evident 
in figure 5. In the conti’ol record (fig. 5, 1) the tone is of moderate height, 
and there is a good deal of spontaneous rhythmic activity. Following 
mecholyl (fig. 5, 2-3) there was a reduction of the volume to 9 cc. from tJie 
original 25. The tone varied to some degree, as did the contractilit}'^ (fig. 
5, 1-3). After the administration of atropine (fig, 5, 4~7), the volume 
gradually rose to 23 cc. and the tone was lowered considerably with abolition 
of the rh3"thmic contractions. The contractile power remained good, how- 
ever. 

The aclion of ephedrine. Despite the clinical observation that this drug 
can produce urinar>^ retention, doses vaiying from 30 to 350 mgm. had no 
inhibitorj" effect on either the tone or contractiliU" of the bladder under the 
conditions of these experiments. Langworth^", Lewis, Dees and Ho.cser (18) 
were able to reduce the heightened tone of the bladder in Parkinsonian s^m- 



Fig. 5. Cat T 7. 4/23/40. Mecholyl caused a decrease in volume of the bladder. 
Atropine decreased the tone which was elevated in the control, and increased the volume, 
but the contractile power remained good. 3, Start of flow of fluid into bladder. L, 
Leak of fluid around catheter. Time, five seconds. 

1, S fit 11:30. L after introduction of 25 ce. Mecholyl 2,5 mgm. subcutaneously at 
11:56. 2, Sat 12:05. L after introduction of 15 cc. S, Sat 12:25. L after introduction 
of 9 cc. Atropine 0.3 mgm. intramuscularly at 12:30. 4, 3 at 12:55. L after intro- 
duction of 12 cc- 5, S at 1:05- L after introduction of 17 cc. 6, S at 1:15. L after 
introduction of 20 cc. 7, S at 1 :25. L after introduction of 23 cc. 

drome moan.s of tincture of belladonna. Further reduction in tone was 
produced by tho administration of ephedrine following the belladonna. 

Clinical consideration. Langworthj", Lewi^, Decs and He.^^scr (18) have 
described the state of the bladder in various clinical conditions of tho nervous 
sj^stem such as tabes dorsalis, spina bifida, p.vramidal tract damage, Parkin- 
sonian syndrome and cerebellar abnormalities. Langwortln’ (19) has demon-_ 
strated the value of mecholyl in cases of tabes dorsalis in whom tho bladder 
is overdistended and retention and overflow incontinence of urine arc present. 
Dean (20) obtained satisfactory rc.sults with pilocarpine in cases of urinary 
retention due to injury of the nerve supply. The value of prostigmine in cases 
of post-operative urinary retention has been described by Mardcn ami 
AVilliamson (10). Langworthy, Lewis, Decs and Hesser (18) demonstrated 
increased tone and small capacity of the bladder in of Parkinsonian 

syndrome. The contractility or emptying power of the bladder in such ca-'cs 
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IS ippai cntl> not impaired 1) v drugs of tlie ati opine ‘^ci les \\ hich rt lax the tone, 
for in ‘:omc patients icccu ing luoscine In drobromide in doses as high as 
gram (0 OOOti gram) t^\ent\ tune s a da^ , there lm\ c been no signs of urinary 
retention This complies ncll eiith the selectnc actnit\ of atropine dc- 

1 \BLL 1 


The effect of ptlocarpmc on urinary retention in a case lulh a Iransiersc spinal cord lesion 
of eighteen months duration 
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above 
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scribed abo\o, in that it does not interfere uitli the normal contractile abilitj 
of the bladder while it does reduce the tone 

In order to demonstrate the value of the stimulating drugs of the bladder the applica 
tion of pilocarpine in several nscs’ of transverse cord lesion will be cited Case 1 is of 

‘ The cases reported arc from the service of Dr Foster Kennedy , Neurological Sci vice, 
Bellevue Hospital New \orkCit% 
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TABLE 2 

The effect of pilocarpine on urinary retention in a case xoith a transverse spinal cord lesion 

of two months duration 
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particular interest because of the long duration of urinarj- retention without the spon- 
taneous development of an automatic bladder, and because of the evccllcnt response 
to pilocarpine. 
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Case 1 L \ , nule nthilt «ith a liistor> of a bullet wouiul sulFcrcd 9 months before 
admission on 1/2V3J Ihc cssontnl findtrijjs were complete 'inesthcsia below 1 4 
sjmtic inrapUma with w istiiig of muscles m the legs ami other signs of bilateral 
pjnnJiilil trac td tmngc Jhercwasunnaij retention with o\erfloi\ incontinence which 
required the use of a retention catheter Ihc ictcntion catheter was withdrawn on 
8/27/3J about 16 months after his injurv and subcutincoua pilocarpine injections were 
instituted ns nidi ( ited in tiblc 1 \ matter worth} ofnofcw^s thatnftei the develop 

ment of spoilt intous urination tlic patient was able to tell that he was going to urinate 
about lotoSOsccoiids before the flow etarte I for the latter would be preceded b\ awarm 
sensation passing up his spine 1 he improvement continued for the two months during 
which this c ISC w IS followed 

Case 2 \ li a 28 year old female with a long histoi} of pain in the Jumbo sacral 

region and legs developed an almost complete paraplegia following an evplorator} 
laniincctomj on 4/1S/39 On admission to Bellevue Hospital on 5/9/39, there was 
flaccid par il>si3 of the legs w itli only flight movement possible in the right thigh Sen 
sation was lost below I 2 on the right side and below 9 12 on the left AH deep refletca 
were absent in tlic kgs as were the plantar reflexes Pathological reflexes could not bo 
elicited Urinarv jetention with overflow incontinence and incontinence of stool were 
present 

As indicated in table 2 pilocarpine therapy for urinary retention was instituted on 
5/24/39 and euntimicd through C/1/30 with some degree of regularity, four times daily 
111 10 rngm dose* by subcutaneous injection 9 he responses to the drug were excellent 
On scveial occasions spontaneous automatic expulsion of variable quantities of urine 
occurred duiing the perio I of pilocarpine admimstration However, on 6/2/39, spon 
taneous unnation became much more effective warranting the discontinuation of the 
piloeaipmc horn that time on she w as able to remain in a dry state without the use of 
cithci a ictentioii catheter or pilocarpine 9hc automatic expulsion of urine was pre 
ceded by a noi-mal sensation of bladder distension She could not coatrol the flow of 
mine once it had started Also she did not develop any awareness of the process of 
micturition and she could not tell by means of pelvic or perineal sensation when it was 
completed 


D/SCCTSSfOV 

Ihc paitml inhibition of bhdclcr eontraction due to sacral nertc stimula- 
tion, by ati opin'*, as rcportcil bv Langley and Anderson (1) and Langley (2), 
was not confitmed by Hendet'^on (4) Tlie experimental data presented 
above do however suppoit the ob'ienations of Langley and Anderson tf the 
notmal contiactilc ability in ic-'pon'fc to filling can be compared to the re- 
spon e of the bladder to neivt stimulation Atropine w as also found to coun- 
teract bladdci contraction duo to pilocarpine, prostigmine, cscrine and 
mccholyl, thus confirming the observations of Langley (2) and Streuli (3) 
on pilocarpine 

Atropine, it has been showm, can lower a high state cl'tone m the bladder, 
as well as abolish rhythmic activity, either normal or drug induced Hen- 
derson (4) contends that atropine does not inhibit bladder contractions due to 
nm e stimulation, but it does inhibit drug induced contractions Henderson 
and Roepke (5, C) support this conttntion on the grounds that atropine is 
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capable of counteracting the peripheral tonic effect but not the ganglionic 
contractile effect of acetylcholine. Whether this mechanism is similar to 
that brought into play b}" the drugs used in the experiments reported is dif- 
ficult to state. It is more than likely that acetylcholine, which has a very 
distinct role as a humoral intermedia rj" of nerve impulses in peripheral ganglia 
(Feldberg and Gaddum, 21), acts in an altogether different manner from the 
drugs studied above. There must be .some reason why atropine can abolisli 
contractionsinduced by pilocarpine, prostigmine, cserine, and mecholy], and not 
those produced by acetylcholine. It is not at all unlikely that atropine, in 
its counteracting effect on the peripheral tonic mechanism, delays the re- 
sponse of the detrusor muscle to stretch and thus increases the capacity of the 
bladder. Its failure to oppose bladder contraction due to nerve stimulation 
is probabW due to the fact that the stretch reflex is not involved in such con- 
tractions. The partial inhibitory effect of atropine on the normal contractile 
ability of the bladder in response to filling and its more marked inhibitory 
effect on contractions associated with filling following the administration of 
stimulating drugs, must be in some wa3' related to the effect of atropine on the 
peripheral tonic mechanism. 

The action of prostigmine, mecholj^l, eserine and pilocarpine on the hj^po- 
tonic bladder is of great value. While pilocarpine was used in the clinical 
cases reported, there is little doubt that awv of the other stimulating drugs 
would^ be as effective. That these drugs can bring about the expulsion of 
urine from a hj'potonic cord bladder is an interesting enough phenomenon 
in itself, but the ability" of pilocarpine to produce an automatic bladder in a 
case that did not dev'clop one spontaneous!}' after a 3'ear and a half is indeed 
extraordinar}'. This observation indicate.s that pilocarpine i.s able to mobilize 
certain factors in the bod}' which were not able to come into pla}' b}' them- 
.selves. 

The role of pilocarpine in facilitating the production of an automatic blad- 
der is particular!}" significant in the light of recent observations made by Wolf 
(22). The latter author found that there was more rapid recovery from sciatic 
paraly.sis in cats given mecholyl, pota.«sium chloride and pro>tigmine orally, 
than in cats not given these drugs. The experiments were repeated in rats 
\rith similar good results. These findings were applied clinically in cases of 
BelPs palsy, \rith prostigmine alone being given oral!}'. Tlie results were 
gratifying in some cases. 

There can be little doubt that in the case of pilocarpine action on the blad- 
der, the factor of nerve regeneration can be safely excluded. The bladder, 
as a result of the actinn of pilocarpine, was made reactive to the stretch reflex, 
to which it was insensitive prior to the use of this drug. That the pilocar- 
pine was not the vital factor is evident from the fact tliat the automatic 
bladder persisted even after the pilocarpine was discontinued. Whether 
acetylcholine mobilization forms the basis of the mechanism brought into 
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phj H spetulatiNO, but this speculation is not onl\ evtremch inteicsting but 
'il'so \eij ''Uggistnc of an iiKstmnbh valuable therapeutic procedure 

SUMVIARV 

1 Pilocaipme, piO'.tigminc, estnne and mechoM have a strong stimulat- 
ing cftect on both the tonus and contiactilit} of the bladdci 

2 Ati opine has a solectu c mlubiton effect on the bladder It can lowei a 
high state of tone and abolish ilnthmie actnit} whether these states an 
piescnt noimalh oi aie due to stimuhting ding actnitv Atropine can 
stionglj inluhit bliddci contiactions due to drug action but onlv shglith 
inhibit bladdci conti actions that aic noimalh pic^^ent 

3 Ephedtinc in laige doses was not observed to ha\c anj effect on the 
bladder 

4 The \alut of atiopine in relioMng the symptoms of increased bladder 
tone without tlie daiigci of cau‘-ing uiman letcnticn is pointed out 

5 The stimuhting para^-v mpathcmimetic diugs have a \cn beneficial 
effect on hvpotonic bladders due to disease of the nenous system Pilo- 
caipino, it IS ‘^hown is able to stimulate the formation of an automatic blad- 
dei in cases with vesical distension and ovciflow incontinence due to trans 
vcise lesions of the spinal cord 
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Se\eial in\ estigators (1, 2, 3, 4, o, 6) have shown the theiapcutic \alue of 
gold preparations in expeiimental stieptococcus infections Heilman (7) 
demonstrated that gold sodium thiomalate piotected mice against fatal doses 
of Stieptobacillus monolifoimis, and Findla}, ^Mackenzie, ^lacCallum and 
Kheneberger (8) leported that gold compounds pie\ented the de^cIopment 
of polyarthritis in rats injected with pleuiopneumonia-like oigani‘'ms Col- 
hei (3) has shown that gold prevents a poly ai tin itis in rats infected with an 
aithritis producing agent that he was unable to isolate but which Klienebeigei 
(9) belie\ eis to be an oigani^^m of the pleui opneumonia-hke gi oup Sabin and 
Warren (10) lecenth leported cuiatne eftects of inorganic and oiganic gold 
compounds on chionic aithiitis of mice pioduccd by plcuiopneumonia-hke 
oi ganisms 

Because of the piesent interest in gold in the tieatment of aithiitis, it 
seemed desirable to stud\ the eftectneness of gold sodium thiomalate (myo- 
crysin) in the pie\ention and treatment of ai thiitis pioduced in the i at with a 
hemohtic stieptococcus (11) Other in\ e-'tigations weie earned out to 
(ompaie the \alue of the gold compound with sulfanilamide and sulfathiazole 
in pre\enting arthritis Since the toxic manifestations of gold aie too often 
o\erlooked, studies were also pei formed to note what eftect this gold salt 
might ha\ e on \ ai loiis organs 


MLl HODS 

Male and fcmilc nlbino rits weighing from 90 to 110 gnm^ were ii^od 
A. “matt** culture of a group A hemoU tic bticptocni r us i«ol ited fiom tin )>lood stu am 
of ii patient with «epticcmia was empIo\cd foi the luodiiction of uthritis In most of 
the experiments, cultures were made from istriin tint h id bitri kept on iitifiii il media ^ 


» Aided b\ a grant from the John and Marv R Marklc, and Ophth ilmologic il round i 
tions 
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for a period of 3 months Amorr Mrulcnt form of this culture w ns obtained by injecting 
the streptococcus intra\cnouslj into rats and recovering the organism from the exudate 
of the joints One passage onl> was necessary to increase the virulence of the organism 

The rats were injected into the tail vein with 0 5 cc of an IS-liour blood broth culture 
and were examined dailj for a period of about 10 to 12 dajs Complete autopsies weie 
performed on all the animals In the experiments m which blood cultures were made, 
the animals were bled from the tail vein 

The organic gold compound used was an aciucous solution of gold sodium thiomalnte 
(mjocrjsm) which contains 50 per cent metallir gold Both the gold and the sul- 
fonamide compounds used for treatment were injected bj the subcutaneous route 

Single and muUtple injections of gold in experimental arthritis 

A group of 16 rats were injected intrax enousi} with 0 5 cc of streptococcus 
ciiUure and 8 of them w ere tre ited at the time of infection w ith a subcutaneous 

TABLE 1 


Arlkrths tn rats infected with 0 5 cc of a hemolytic streptococcus culture and treated with 
SSrngm of tnyocrysin 



Kcunzn 

NCMDER 1 

1 AHTKRms 

AVEfUOE 

IfDMSEn 



•noNs j 

Number 

Percent , 

PER RAT 

Treated 

8 

3 

0 


0 

Controls 

« 1 


s 

100 0 

3 

Treated 

39 

2 i 

13 , 

33 3 1 

1 7 

Controls 

28 


26 

92 9 

3 

Treated 

8 

1 

5 

C2 5 

3 6 

Controls 

8 

i 

7 1 

87 5 1 

4 9 


injection of 2 5 mgm of gold sodium thiomalate (table 1) This was repeated 
after 24 and 48 hours All of the treated gi oup that recei\ ed 3 injections of 
the drug were protected while all the controls developed the disease The 
treated animals did not appear ill at anj time in the course of the experiment, 
whereas the controls in addition to developing arthritis withm 24 to 36 hours 
after infection, showed ruffled coats, were less active and lost weight 
A larger group of 67 animals vveie used in an experiment to determine 
whether two injections of gold would prevent the development of arthritis 
Thirty nine rats were treated with 2 5 mgm of gold at the time of infection 
and again 24 hours later, while 28 animals were used as controls (table 1) 
In this expel iment 33 3 per cent of the group treated with 2 injections of 
mjocr>sm developed arthritis, onlj 66 7 per cent showed protection The 
degree of nrotection was not so great as when 3 injections of gold were given 
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but the average number of joints involved in the animals of tlie treated group 
was less than in the control group. 

A third group of rats wore infected in a similar manner and treated with 
one injection of 2,5 mgm. of mj’^ocrysin (table 1). Of the 8 treated animals, 
5 or 62.5 per cent developed arthritis or only 37,5 per cent were protected. 
This experiment indicates that multiple injections of gold are more efficacious 
in preventing arthritis than single injections. 

The effect of gold before infection with Streptococcns hemolyticiis 

Since the previous experiment showed that gold prevents arthritis when 
given after the inoculation of streptococcus, it appeared desirable to note the 
effect of gold when given prior to the infection. Three groups of 8 rats each 
were given a subcutaneous injection of 2.5 mgm. of gold on 2 successive days 
and then were infected with 0.5 cc. of hemolytic streptococcus culture at 6, 
24 or 48 hours respective!}' following the last gold injection (table 2). When 

TABLE 2 


Arthritis in rats infected with 0.5 cc. of a hemolytic streptococcus culture following 2 daily 
subcutaneous injections of 2.6 mgtn. of niyocrysin 


NUMBER or RATS 

nWE INFECTED i 

after last GOLP 
INJECTION 

artjiritjs 

AVERAGE NUMBER 
OF JOINTS PER RAT 

Number 

Per cent 


hours 




s 

6 




8 j 

24 




8 

48 1 





gold was injected 6 hours prior to infection, 3 of 8 animals did not develop 
arthritis. However, when it was given 24 or 48 hours before, no protection 
was demonstrable. 


The effect of gold on the hemolytic streptococcus made vindent by passage 

During the course of these studies there was a slight diminution in the abil- 
ity of this strain of streptococcus to produce arthritis. To increase the 
virulence of the organism, a rat was infected b}' intravenous injection and a 
hemolytic streptococcus was cultivated from the synovial membrane of an 
infected joint. This culture was used in the subsequent experiments. When 
it was injected, the arthritis appeared earlier and was more acute, but the 
number of involved joints in each animal was no greater than when a less 
virulent culture was used. To determine the influence of myocrystn on the 
more virulent or passage culture, 46 rats were infected intravenously witli 
0.5 cc. Twenty-five were treated at the time of infection and again at 24 
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hours with 2 5 mgm of gold Eighteen (72 per cent) of the 24 treated rats 
and 20 (95 5 per cent) of the untieated group developed irtliritis (table 3) 
In other words, tlicrc was a protection of onlj 2S per cent in the treated 
animals whereas m an earlier gioup similarly treated but infected with the 
less Virulent culture, a 66 7 per cent protection was observed (table 1) This 
eNpcriment demonstrated that when a more virulent culture is used, ni>o- 
erj sm IS less effectiv c m protecting the rat against the dev clopment of arthritis 
Because the amount of gold employed was not ver} tftcctive against the 
virulent culture the dosage of the drug was mcrea'^cd Twenty four lats 
were infected with the more virulent streptococcus, and half were treated 
immcdiatelj at 24 and 48 hours with 10 mgm of gold (table 3) Tuo of the 
treated group developed arthritis, there v\as a protection of 83 3 per cent 

TABir: 3 

Ar/hrUis in 3 ^rowp^ of rats tnfecied wUh 0 5 cc of itjulcnl ’ hemolytic streptococcus 
culti re and treated at lanous tnteriah after injection tn th different amonnh of 


myocrysin 




utjection of gold 

1 ARTimlTlS 1 

AFEnAOC 
Ncr^r8I;R 
OF JOINTS 
P£R rat 

: OF HATS 

Amount 

Timetrentfd ho ira 1 

Nuna 
bef 1 

Per cent 



tnffm 





Treated 

2o 

2 5{2x) 

Immediately 24 

IS 

72 0 

3 

Controls 

21 



20 

95 5 

2 5 

Treated 

12* 

10{3x) 

Immediate b 24 4S 

2 

10 7 

1 5 

Controls 1 

12 1 

i 

i 

12 

100 0 

2 3 

Treated 

G 

S(2x) 

Immediatclj 24 

1 

12 5 

2 

Controls 1 

6 , 

1 


6 

100 0 

3 


* 6 died 3 d’lys after infeetiDi) 


Although 6 of the 12 treated animals died 3 da^s after the injection of culture, 
sufficient time had elapsed for the dev clopment of aithntis, as it had appeared 
m all of the controls bj this time Tins amount of gold is u^uallj well toler- 
ated bj a normal animal, but it will frequentlj kill an infected animal A 
Similar incidence of arthritis (12 5 per cent) was noted m a group of 0 rats 
which had received the same culture but were treated with two 5 mgm doses 
of mjocrjsin immediatclj and 24 hours after the injection of bacteria No 
deaths v\cre noted among these animals 

Comparahic laluc of gold aud sidfotinmtde compounds 
Sulfanilamide and sulfathiazolc were selected for comparison with m^o- 
crvsm m 2 experiments, m one of winch the doses varied, while m the other 
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they were the same. The animals were infected with 0.5 cc. of an IS-hour 
broth culture of hemol 3 ^tic streptococci and treated^ at the time of infection 
and 24 hours later with subcutaneous injections of the drugs. Sulfanilamide 
and sulfathiazole afforded better protection than gold when adequate doses 
were given (table 4), but if equal amounts of the chemotherapeutic agents 
were used, gold appeared to be the most effective (table 5). However, the 
amount of the gold used in the second experiment was near the lethal dose 
while that of the other two drugs was far below this level. Therefore, one 

TABLE 4 


Arthritis in rats infected with 0.6 cc. of a hemolytic streptococcus culture and treated 
immediately and at SIf. hours wUk various therapeutic agents 


THERAPEUTIC AGENT 

AMOUNT OF 

NUaiDER 

ARTiinins 




Number 

Per cent 

Sulfanilamide 

mgm. 

100 

7 

0 

0 

Sulfathiazole 

35 

9 

0 

0 

Myocrysinc 

2.5 

8 

' 2 

25 

Controls 


4 

4 

100 


TABLE 5 


Arthritis in rats infected with 0.6 cc. of a hemolytic streptococcus culture and treated 
immediately with various therapeutic agents 


therapeutic agent 

AMOUNT or 

NUSIDER or 

} 

1 ARTHRITIS 

INJECTION 

RATS 

Number 

Per cent 

Sulfanilamide 

mgm. 

5 

G 

G 

100.0 

Sulfathiazole 

5 

6 

G 

100.0 

M3*ocr>’sine 

5 

0 

' 1 

IG.G 

Controls 


6 

G 

100.0 


can safelj’ give more sulfanilamide or sulfathiazole to obtain a favorable 
response, whereas it is not safe to increase the amount of gold beyond a 
certain level. 

Since these three drugs were found to protect the rats from streptococcus 
arthritis, the question arose as to what effect they would have on the arthritis 
once it was present. Twelve of IS rats that had developed arthritis were 
given daily subcutaneous injections of 2.5 mgm. of gold sodium thiomalatc 
for a period of 7 daj's; the remaining G were not treated. Arthritis did not 
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develop in any other joints of tlic treated animals nor was there any apparent 
alteration in the affected joints. The control rats, on the other hand, con- 
tinued to develop artliritis in other joints. In another group of 13 rats with 
arthritis, 10 were treated subcutaneously with 0.1 gram of sulfanilamide in a 
2.5 per cent solution for 4 days, and the findings were essentially the same as 
in the group injected with the gold salt. The same procedure was used for 
sulfathiazole, and similar results were obtained. These observations on a 
limited number of rats indicate that these compounds are not effective once 
the arthritis is established. However, further e.xperimcnts of this nature arc 
in progress. 

The bactericidal effect of gold on the hemolytic streptococcus 

Sealed glass tubes containing streptococci and gold, or streptococci alone, 
were placed in a mixing machine so that there was adequate contact of the 
gold with the .streptococcus culture. ]\Ii.\ing machines of this nature have 
been used b 3 ’ the following investigators (12, 13, 14, IS). When the tubes 
were sealed, the contents were shown to be under anaerobic conditions (16) 
b.y the mcthv’lene blue method. 

The tubes weie fastened to a square box on the machine and rotated b^' a 
motor in an incubator at 37.5®C. at about 7 r.p m. At 6-, 12-, 24- and 48-hour 
intervals, 0.1 cc. of the contents of the tubes were removed and mixed with 
agar and defibrinated horse blood. This mixture was poured into a Petri 
dish, and colonj'^ counts ^\ere made after 48 hours. 

M^mcr^-sin in a concentration of 1:2000 was found to have a bactericidal 
effect on hemoij'tic streptococci in a dilution of 10“* and (table 6). 
Daw'son and Hobby (4) have recently" described the bacteriostatic effects of 
this same gold compound on hemolytic streptococci, but the concentration of 
gold used was 1:10,000 which is considerably' less than that used in these 
experiment.s. 

Although this drug Avas bactericidal in vitro, expcrimont.s in vivo failed to 
yield as convincing results. A group of rats was infected with streptococci 
and half were treated with gold sodium thiomalatc while the re.Tiainder were 
used as controls. All the animals were bled from the tail vein at vary'ing 
intervals. Those which were treated with 2.5 mgm. of gold were killed at 
24 hours after infection and those treated with 5 mgm. after 48 hours. The 
number of organisms found in the peripheral blood of the treated group %vas 
essentiallv the same as in that of the non-trented. Culturc.s of the bone 
marrow, spleen and liver made at autop.sy also failed to show' any marked 
differences (table 7). 



170 


S. ROTHBARD, D. M. ANGKVINE AND R. L. CECIL 


The effect of gold on the peripheral blood and organs of rats 

Four complete blood counts were made on each of 6 normal rats over a 
period of 10 days. The average red blood cell count was 6.6 million, the 
white blood cells 11,152 and the differential count: 27.8 per cent neutrophils, 
0.39 per cent basophils, 0.61 per cent eosinophils, 59,8 per cent h^mphoc\des, 

TABLE 6 


Bactericidal action of imjocrysin \n a concentration of liBOOO on the hemolytic streptococcus 


! 

DILUTION or 
nACXERIA 

1 

COMPOUND USED 

1 NUMBER OF ORGANISMS PER CC. 

Original 
plate count 

6 hours 

12 hours 

24 hours 

■IS hours V 

10 

Myocrysin 

1 25 

0 

0 

0 

0 

10-6 

Broth control 

I 29 i 

5S 

39,000 

ISO, 000 

65,000 

10-’ 

Myocrysin 

4 

0 

0 

0 

0 

10-^ 

Broth control 

5 

9 

26,000 

121,000 

41,000 


TABLE 7 

X umber of hemolytic streptococci recovered from the blood stream and organs of rats infected 
with 0.6 cc. of culture and treated immediately with myocrysin 



RAT NUMBER 

AMOUNT OF 
MYOCRYSIN 

2 

hours 

COLONIES 

4 

hours 

; PER cc. 

6 

hours 

OF BLOOD 

24 

hours 

4S 

hours 

a 

u 

,3 

•J 

M 

U 

P 

K 

a ^ 

^ 2 
O K 
a 

9s 

u 

u 

ij 

e 

> 



mgm. 






hours 





1 

2 5 

600 

663 

860 

260! 

1 

24 

oo 

4,230 

6,640 


2 

2.5 

40 

200 

20 

1 0 


24 

! 27 

11,140 

5,562 

( 

3 


20 

80 

120 

30 


24 

22 

18,900 

2,546 

Controls < 

4 


120 

540 

800 

2,700 


24 i 

1 

37 1 

7,575 

9,981 

f 

5 

5 

100 

20 

40 

9S0 

0 

48 1 

0 1 

520 

0 

Treated < 

G 

5 

•10 

20 

20 

CO 

20 

48 

0 1 

200 

520 

\ 

7 

5 

8,860 

200j 

300] 

5,120 

600 

48 f 

‘>1 

3,640 

7,920 

( 

8 

: ! 

20 

I M 

soj 

120 

i 

0 ! 

48 I 

45 1 

80 

0 

Controls < 

1 9 

I 

1,000 

10,220, 

140' 

10,0G0| 220 * 

4S 

0 i 

1,440 

1,012 

1 

i 10 

! i 

7,940 

^ 4,240) 

S,2G0' 

S,900| 

0 1 

48 ' 

0 1 

360 

1,28S 


10.1 per cent monocytes, and 1,3 per cent unclassified forms. The rats were 
then injected subcutaneously with 2.5 mgm, of gold daily for 6 day.s, allowed 
to rest for 7 days and again treated for a 6“da3' period. An eosinophilia that 
ranged from 10 to 15 per cent developed in all the animals and was the only 
change observed in the peripheral blood picture. Eosinophilia increased 
shortly after the first injection of gold and returned to normal gradually when 
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gold was stopped Although platelets woic not counted thc> did not appear 
to be diminished in tlic blood smears 

To dctcrmini the toxic effect of single doses of the gold compound, a group 
of 20 rats was injected subciitaneousU with ^a^ous dobcs of m^ocr\sin 
The animals injected with 50 to 100 mgm died within 24 hours, those with 
SOmgm in72hours and thobC with 20 mgm in 90 to 120 hours Theammals 
that were injected with 15 and 10 mgm lived for 7 dajs and then were 
sacrificed 

No abnoiraal changes were observed at ncciops) in any of the organs with 
the exception of the kidncjs and in these severe lesions were noted m all 
animals that died within 120 hours The kidnojs were soft, laige and 
pale vcllow gtaj in coloi, and on hemisection the paronthjma bulged slightly 
In the rats that received 20 mgm of gold a narrow zone m the outei part of 
the medulla was conspicuous as a pale band (fig 1, B and fig 2), with larger 
doses, the coitex had a giay white pallor and was sharplv demarcated from 
the medulla (fig 1 C) Microscopic examination showed that with the 20 
mgm dose the gieatcst change was in the outermost zone of the medulla 
(fig 2) This area conesponds to the part of the tubules designated 
Cowdr> (17) as the medullarv segments of the proximal convoluted tubules 
in the mammalian kidney Diblc and Hav (18) have shown that fatty 
changes first appeal in starved rabbits at the same site, but thej describe 
this part of the tubule as the wide poitiou of the descending loop of Henle 
It appears that both authois are referring to the same stiucture which is the 
distal part of the pioximal convoluted tubule It takes an approximateb*^ 
straight coinse through the outermost zone of the medulla and through the 
cortical rajs (Cowdrv (17)) 

When the Kidnevs of rats that received 30 mgm of gold were examined 
microscopicallj both the medullarj segments of the proximal convoluted 
and of tlie distal conv oluted tubules w Inch occasionally extend to the capsule, 
were dilated and contained albuminous fluid epithelial cellular debris and 
casts The cells of these tubules were swollen contained colloid droplets in 
maiij places and in part had undergone necrosis The necrotic epithelium 
of some of the tubules took a deep blue stain w ith hematoxj Im as the i csult of 
calcium deposits The injured cells weic still recognizable, in othei places 
the lumen nas indistinguishable Coagulated albuminous material was 
prc'sent in HibcapMiIar spaces of the glomeiuh 

The extent of the lenal damage was found to depend on the dosage of the 
drug When 10 or 15 mgm were injected onlj the medullarv segment of the 
pioximal convoluted loops showed necrosis of the epithelial cells and the 
tubules contained albuminous material and casts When 20 or 30 mgm wore 
used manj proximal as well as distal convoluted tubules underwent necrosis 
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and calcification. The loops of Henle contained albuminous material but 
the epithelial cells were apparently not involved. When 50 to 100 mgm. were 
injected, the necrosis was more extensive and included the loops of Henle as 
well as the proximal and distal parts of the convoluted tubules. The col- 
lecting tubules contained albuminous fluid and casts but the epithelium was 
not injured. 

The selective action of a toxic agent for a specific part of the renal tubule 
is demonstrated in these experiments. 

In order to note the effect of prolonged administration of gold, 14 rats were 
given repeated injections of 1.6 to 2.5 mgm. of gold over a period of 8 weeks, 
and the animals were killed after different intervals following the first injec- 
tion. Those that lived longest had received 24 injections of gold. Prac- 
tically all of the animals showed some nephrosis but it varied considerably^ in 
severity and in no instance caused the death of an animal. One rat that 
received 2 injections of gold developed severe icterus, but no changes were " 
found in the liver. 


DISCUSSION 

Gold .‘?odium thiomalate will prevent streptococcus arthritis in rats, but its 
ability to inhibit the disease varies with the amount of the drug and the num- 
ber of injections that are given. If groups of rats are infected with bacteria 
after either 6, 24 or 48 hours following 2 daily subcutaneous injections of 2.5 
mgm. of gold, only 37.5 per cent of the animals are protected in the first 
group, and none in the second and third groups. On the other hand, if the 
drug is given at the time of infection and again after 24 and 48 hours, all 
animals are protected. These observations indicate that the quantity of gold 
in the body must reach a certain level before the drug becomes eflective against 
the bacteria. The effect of the gold is transient since it was found that in rats 
protected against streptococcus arthritis by gold treatments and re-infected 
with bacteria a second time the incidence of arthritis was as high as in the 
non-treated controls. 

The effectiveness of gold was observed to vary with the virulence of the 
culture. When the more virulent “passage” strain was used, 3 doses of 10 
mgm. each were necessary to protect 83.3 per cent of animals, whereas when 
the less virulent culture was injected, 3 doses of only 2.5 mgm. were adequate 
to inhibit the development of arthritis in all of the animals. Moreover, 50 
per cent of the rats died after they had received 30 mgm. of gold, and the cause 
of death was found to be a severe renal lesion for which the gold was directly 
responsible. The larger doses did not protect animals against the virulent 
strain because they were lethal. 
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Although Smith (19) showed that it is not possibh to block out completely 
the mononuclear phagoc\ tes of tlic bod^ , an attempt w as made to determine 
if interference with these cells 1ms any inhibitory influence on the protectne 
iction of gold injections m lats The animals wore injected intravcnoush 
with large do^Cb of methylene blue or india ink Twehc hours later cuUuies 
of streptococci were injected and the animals were treated with gold My- 
ocrysm was found to be just as cffectI^e in preventing arthritis as in the 
experiments m which no dyes had been used 

CONCLUSIONS 

1 Gold sodium thiomalate is an effective chomotiicrapcutic agent m the 
prevention of arthritis produced by a hemolytic streptococcus in rats Its 
cficctiveness is le^s against a moic virulent strain of the same culture 

2 Sulfanilamide and sulfathiazolo arc more effective in the prevention 
of this disease than gold 

3 Aeither gold noi the sulfonamide compounds cure aithritis once it is 
established 

4 Jn t tiro myocry sin is bactericidal under anaerobic conditions 

5 A severe renal injury resulting in death has been obscrv ed in rats weigh- 
ing 100 grams aftei an injection of 20 mgm or more of gold 

G Myocry sin protects rats against hemolytic streptococcus arthritis but 
since the effective dose is so close to the lethal dose great caution is neces- 
sary in its administration 


Acknowledgment is made to Merck and Company for supplving the My- 
ocrysin 
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PLATE 1 

Fig. 1. A, kidney of a normal rat; B, showing moderate degeneration at the cortico- 
medullary junction of the kidney of a rat 96 hours after it had received 20 mgm. of gold; 
C, showing the grey white pallor of the cortex which is sharpl 3 ’‘ demarcated from the 
medulla of the kidne 3 ’ of a rat 72 hours after it had received 30 mgm. of gold. 

Fig. 2. Photomicrograph showing necrosis and calcification of the epithelium of the 
medullar^" segment of the proximal convoluted tubules at the cortico-medullar>' junc- 
tion. X 15. 

Fig. 3. Photomicrograph of kidney (fig. 1, C) showing edema, necrosis and calcifica- 
tion of the epithelium of proximal and distal convoluted tubules. The calcium is stained 
black in the photograph. The rat had received 30 mgm. of gold and died within 96 
hours. X 80. 
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PLATE 1 


THE EFFECT OF BARBITURIC AND THIOBARBITURIC ACID 
DERIVATIVES OX THE PYLORIC SPHINCTER AND 
STOMACH IN UNANESTHETIZED DOGS' 

CHARLES M. GRUBER and CHARLES M. GRUBER, JR. 

From the Department of Fharmacology, Jefferson Medical College, Philadelphia; 

Pennsylvania 

Kcccivcd for publication March 1, 1941 

The effects of barbituric and thiobarbituric acid derivatives on isolated 
segments of small intestine have been studied by numerous investigators (1), 
as have the actions of barbiturates on the intact stomach, small intestine and 
colon (2). Olmsted and Giragossintz (3) observed the effect of amjdal anes- 
thesia on glucose tolerance in dogs. They believed their “experiments show 
that under amytal the pyloric sphincter is maintained so tightly closed that 
sugar introduced into the stomach cannot pass into the duodenum.^’ Al- 
though this work was reported in 1929, no one has attempted to determine 
whether or not the barbiturates have an action upon the pjdorus which is 
opposite to their effect on the remainder of the gastro-intestinal system, nor 
have the thiobarbiturates been investigated as to their effect on the activity 
of the stomach. 


METHODS 

Six unanestlietizcd, trained dogs were used in this research. These anima’s, while 
underethcranesthesia, Iiad been operated on to produce permanent gastric and diudona! 
fistulae according to the methods outlined by Tliomas, Crider and Mogan (4). At tlic 
time of the experiments they had fully recovered from the operations. The changes in 
height of the contractions of the pyloric sphincter were recorded h}'' means of a pressure 
tonometer (5) connected to a glass U-tube in which bromoform was used. The changes 
in general tonus and the force of the contractions of the stomach were recorded by means 
of n water manometer. Rubber balloons placed in the stomach and pylorus as described 
by Thomas, Crider and Mogan (6) were connected hy means of rubber tubing to the 
jcspcctive manometers. 

Sodium amytal, in 10 per cent solution, was injected slowly into the saphenous vein 
on 17 different occasions. The amount used in three of these was 15, in six 23, two each 
of 25 and 30, and in four 40 mgm. per kilogram A 10 per cent solution of soditim pento- 
barbital was injected intravenously in doses of 20 mgm. per kilogram in three experi- 
ments and 30 mgm. per kilogram in eight. Sodium evipal was administered in doses of 
30 mgm. per kilogram twice and 40 mgm. per kilogram six times. Sodium ortal was 
injected in doses of 20 mgm. per kilogram twice and 30 mgm. per kilogram six times. 

* This research was made ])ossiblc by a grant by Parke, Davis and Company for 
research in science. 
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Hvc p I itnt s( lull ns « f pcntotlinl s( (hum (sodnirti thiopcntobarbital) in 20 mgni per 
kilogram dises nml sodaini tinocthnmjl m 40 nigm per kilo^,ram doses Mere mjcctcd 
15 and 10 times tacli respLeti^elj I arh nmmal nas used hut once a neck 

RESULTS 

Barlnturate'i Iht ic vilts of tlu 44 exponments pcifoimctl on si\ trained 
dogs \Mth tlie u^c of >-odium am^ tal ‘^odium pcntobnibital, sodium e\ipal and 
sodium ortal me pie^tiited m tabU 1 ObMousU -ill of the baibituratcs had 
similai artions on the contraetions of the louts and stonrach Sodium 
01 tal appeared to be somewlmt le«s depressant than the three other baibitu 
rates tested It will also be noted tliat sodium am>tal emi'=cd the greatest 
e\eitntiou since II of the 17 (.\poriments had to be discontinued before the 
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*The sodium salts of the barbiturates were used 


organa returned to then normal “^tate All of tlic bai bituratts tested caused a 
decrease m the tonus of the stomach UsualU the tune of reco\cr\ in tonus 
paralleled the reco\ er\ of the contractions of the organ 
Our findings with the use of sodium amjtal do not substantiate the direct 
observations on the P3I01US made bj Olmsted and Giragossintz (10) In the 
17 experiments pcrfoimed on om 0 dogs except occasionallj m one animal, 
sodium am3 tal in the closes used caused complete inhibition of the movements 
of the pilorus for a penod \ar3mg from 3 to G3 (niciage 20) minutes In 6 
of the 17 experiments no xisiblc activitj of the stomach was obserxed for a 
period of 2 to 30 minutes follow mg the injection 1 ho height of the contrac 
tions and the general tonus of the stomach w ere deci eased in c\ orx experiment 
In only C experiments with the use of sodium am3tal did wc feel justified 
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ill continuing the observations until the functions of the organs returned to 
normal. In all of the other experiments of this series the animals as they 
recovered from the anesthetic action of the drug showed excitation and con- 
tracted their abdominal muscles so frequently and vigorously that the in- 
creased intra-abdominal pressure made it necessar}' to discontinue the 
experiments. It is evident that results obtained under such adverse experi- 
mental conditions must be inconclusive and worthless. 

Figure 1 illustrates the characteristic responses of the pylorus and stomach 
to all of the barbiturates used. In this figure, at 1 between the arrows. 40 



Fig. 1. Unless otherwise indicated in this and all following figures, the top curve 
records the action of the pylorus and the bottom one that of the stomach. Time in 
intervals of 6 seconds 

Xonancsthetized male dog weighing 24 kgm. with permanent fistulae of stomach and 
duodenum. Between the arrows at 40 mgm. per kilogram of a 10 per cent solution of 
sodium amytal were injected intrav'onously The numerals 45, 75 and 130 indicate the 
number of minutes after the injection that the short sections showm were recorded. 
indicates the influence of respiration on the record and C the contractions of the organ. 
Record reduced to one-fourth original size. 

mgm. per kilogram of sodium amytal were injected intravenousl.y in a 24 
kgm. dog. Complete inhibition of movement of both the stomach and py- 
orus are seen. Forty-five minutes later, as seen in 45, insignificant con- 
tractions of the stomach occur, marked C in the record, and moderately 
strong contractions of the pylorus begin again. The pyloric contractions 
return to approximately their normal height 75 minutes after the injection 
at 75, and the contractions of the stomach became normal 130 minutes after 
the injection. Immediately after this record was taken the animal became 
e.xcited and the experiment was discontinued. 
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V few cun PS like figurt 2 which was the result of an injection of sodium 
e\iinl were also obtained upon the injection of ‘•odium am\til In these 
cases the e\oikmcnt occurred usually a** the animal rcco\ered from the anes 
thetic effect of the drug In figure 2 40 mgm per kilogram of sodium cvipal 
were injected intra\ cnousb at i The Icttci \ m the figure indicates ch inges 
m the record due to increased intra abdominal prcs‘'Uro caused h\ deep 



Tic 2 Same dog as tint used in figure 1 Time in intervals of 10 seconds Section 4 
of the control record ^\a8 taken 5 ininutcs lefore section B Bct^Nccn the irrows at 1 
•M) mgm per kilogram of sodium cvipal were injected intravenousli \ records the 


wicrinp from tl c anesthesia agiin si oi\ed L\e taiioi \ h ch I sted 50 i ir utes Record 
D IS 1 continuation of the experiment G4 minutes after the injection of tl e drug and 111 
nunutes later The get eral tonus of tl e stomacl m I ts still dcfinitclj below the level 
of tie control Following 1 1 is tl c cxperin ent 1 ad to be disconti nied Record red iced 
one half 


1 expirations and tvcitcTcnt This is not alwats “^ctn and is appaicntlj 
dependent ujion the rate of the injection of the drug the dost adnuiustcud 
and the su cei)tihi!it\ of the animal \s the hist e\( datum abatrd in this 
p\pciiment it is note 1 that tlie aeti\ itx of lioth organs c( asi J and the gf nti d 
tonus of both ts again below tint of the (ontrol It vol and c iinl to that stcii 
before the cailj evitiTent had s(t in I lotei nnnutts after the injection 
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at 2 in section C, the animal again became restless. Here, as in record B 
at A"', the apparent elevation in the general tonus of the stomach is not due to 
an actual increase in the general tonus of the organ but due to increased 
intra-abdominal pressure, the result of the contractions of the abdominal 
muscles, thoracic muscles and the diaphragm. In this animal the second 
period of excitation lasted 50 minuter. Although the height of the muscular 
contractions of the organs had returned to approximate!}^ normal 75 minutes 
after the injection, nevertheless, 90 minutes later when the experiment had to 
be terminated the general tonus of the organs was still below that of the con- 
trol level. 

One dog was especially sensitive to all of the barbiturates. It required 
about two-thirds the usual dose to cause profound depression of the central 
nervous sj^stem. Moreover, the animal did not recover complctcl}^ for hours 



Fig. 3. Unanesthetized male dog weighing 14.5 kgm. A is the control record and B, 
C and D arc sections taken 25, 50 and 64 minutes respectively after the injection of the 
drug. At 20 mgm. per kilogram of sodium ortal were injected intravenously. At 2, 
the stomach began to contract with increasing force and at 3, the p 3 ’lorus oegan to 
contiiaett-similarly, both reaching their maximum heights at 4t approximately 15 minutes 
after the injection of the drug Following this the contractions decreased until they 
reached the height seen in section B. Record reduced to one-fourth original size. 

after the injection of a small dose of sodium amytal. In some experiments 
on this dog an injection of any barbiturate produced in both organs, after a 
temporary inhibition, a temporary increase in activity like that seen in 
figure 3, here caused by an injection of sodium ortal. In this figure at 7, 
20 mgm. per kilogram of sodium ortal were injected intravenously. There 
resulted a temporary inhibition of all activity of the pylorus and decreased 
activity of the stomach. Two minutes after the injection of the drug, the 
stomach at 2, and G minutes later the pylorus at 3, began to contract with 
increasing force until a peak was reached at 4, approximately 15 minutes 
after, the injection of the drug. Subsequently a gradual reduction in the 
height of the contraction^ of the organs occurred, as seen in record B, 25 
minutes after the injection. Complete recovery of the pylorus is seen in D 
64 minutes after the do'^e was administered. 
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In some experiments witli this animal complete inhibition of the p 3 'lorus 
occurred while the stomach, after a temporary inhibition, began to contract 
with increasing vigor, reaching a maximum 4 to 9 minutes after tl>c injection 
and returning again to the depressed state equally os abruptly as it increased. 
The peak contractions were usually two-thirds as high as those of the control, 
although occa‘5ionally they were higher. In other experiments the stomach 
remained inactive and the pylorus showed this peculiar response to the drug. 

ThioharhituTaics. The responses of the stomacli and pylorus to intravenous 
injections of the thiobarbiturates were unpredictable. They varied not only 
from animal to animal but also in the same animal on different occasions and 
with var>ing dosages. Complete inhibition of tiie pylorus followed 7 of the 
15 injections of pcntothal sodium and all of the injections of sodium thio- 
etharayh In one animal one injection of 20 mgm. per kilogram of pcntothal 
sodium caused complete inhibition of the pylorus lasting 237 minutes, whereas 
in the same animal on another occasion a similar injection only decreased the 
height of the contractions of the organ. In the former experiment the con- 
tractions became normal in 293 minutes and in the latter 9G minutes after 
the injection. In both instances the height of the contractions of the stomach 
was diminished. In the first experiment cited above the contractions became 
normal in 247 minutes, in the second experiment in 78 minutes. In the latter 
experiment the thiobarbiturate had no effect on the general tonus of the 
stomach but in the first it was still below that of the control level 5 hours after 
the injection. 

In the remaining experiments with sodium thioethamyl and pcntothal 
ROtlium, the height of the contractions of the pylorus, which was diminished 
by the thiobarbiturate, returned to normal in 12 to 82 (average 33) minutes. 
In the 18 experiments performed on those animals the contractions of the 
stomach were complctel}' inhibited only three times. In all cases tlic height 
of the contractions of the stomacli returned to normal 3 to 60 (average 28) 
minutes. In 19 of the 25 experiments the general tonus of the stomach was 
decreased, in the others it was either not affected or increased. The usual 
record was similar to that shown in figure 1. 

In some of the experiments the injections of cither pcntothal sodium or 
sodium thioethamyl were followed by increased activity of both the pylorus 
and stomach, as seen in figure 4. This stimulation is usually followed by a 
depression lasting for several minutes. In this figure at I, 15 mgm. per 
kilogram of pentothal sodium were injected intravenously in a 13.0 kgm. dog. 
The general tonus and the height of the contractions of the stomach increased 
immediately after the injection of the drug, then dimini.shed. The contrac- 
tions of the pylorus increased in height and rate. Antiperistaltic contrac- 
tions were noted at points .Y in the record, althougli the pyloni.s was again 
normal at the end of the record at 2. The contractions of the stomnoh were 
still subnormal. 
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General ionxis. There are reports in the literature showing an elevation in 
the general tonus and increased activity of the intestine and stomach follow- 
ing their relaxed state due to the action of barbituric acid derivatives (7). 
In our experiments on the pylorus and stomach there have been no such 
findings, instead the general tonus of the pylorus and stomach either returned 
to a normal level or remained subnormal one to 5 houi'S after the injection of 
the barbiturate. In no instance except in those experiments in which the 
animals showed excitement, thus causing increased intra-abdominal pressure, 
did we see an appreciable elevation in the writing points of the manometers. 
Moreover the mere fact that as the animal recovers from the anesthetic the 
abdominal muscles become taut would increase the intra-aljdominal pressure 
and record an elevation in the writing lever. The elevation of the writing 
lever in these experiments we believe is a mechanical increase and is not due to 



Fig. 4. Same dog as used in figure 3. At Ij 15 mgm. per kilogram of pcntothal sodium 
(sodium thiopentobarbital) in a 5 per cent solution were injected intravenously. Both 
the pylorus and stomach increase in general tonus and activity for a short time. Anti- 
peristaltic contractions of the pylorus are observed at A". Following this temporarily 
increased activit 3 ', both organs show decreased activitj^ At 2 the height of the pj'Ioric 
contractions is normal but the contractions of the stomach arc still below normal. 
Shortly after 2 the cNperiment had to be ended. Record reduced to one-sixth 
original size. 


increased general tonus of the organs. With the thiobarbiturate.s tlic results 
were inconsistent, some showing an increase in the genera! tonu.s as the ani- 
mals recovered from deep anesthc.sia and others a decrease a.s the animals 
slept. 


SUMMARY AND CONCLUSIONS 

1. The increased emptying time of the stomach by amytal and other 
barbituric and thiobarbituric acid derivatives is not due to a contracted 
pyloric sphincter. 

2. The sodium salts of amytal, ortal, pentobarbital, ovipal, pcntothal 
(thiopentobarbital), and thiocthaniyl when injected in t raven ou.sly in anes- 
thetic doso.s in unanesthetized dogs may cause complete ce.^vation of action of 
the pylorus and stomach. 
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3 The height of the contractions of the jnlorus and stomach muscles in- 
\anabl\ decreases after the injection of tlic barbitui atts but it maj mertase 
in some c\pcnincnts \Mth the thiobaibituratcs 

4 The general tonus of the oigans is ah\a\s dccieascd with the baibi- 
turates but it nia\ in some animals be increased with the thiobarbituratcs 

5 In those experiments m which the animal reco\crcci from the anesthesia 
of the barbiturates without excitation and thus without piodticing increased 
intia abdominal pressure, no incrtaso in cither the acti\it\ or the general 
tonus of the organs was noted 

We wish to thank Dr J Earl Thomas of the Depar tment of Ph>siologj foi 
the use of two of the animals emplox t,d m this in\ cstigation Wc also express 
our thanks to Abbott Laboratoiies foi the pcntothal, Eh LiIIj and Compan\ 
for the siippU of sodium pentobarbital and sodium amxtal, and Parke, 
Da\is and Companx foi the remaining drugs used in this research 
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THE TOXICITY OF OPTICALLY INACTIVE, d- and /-SELENIUM- 

CYSTIXE'- : 


A. L. MOXON, K. P. DU HOIS' and R. H. POTTER' 

South Dakota Agricultural Experiment Station, Brookings, South Dakota 

KcccivTcl for publication Afarch -I, 1911 

The toxicity of various organic selenium compoiiiuls is of interest because 
of the evidence indicating that tlic selenium in selenifcrous plants occurs in 
organic comi)oun(ls. As yet no organic selenium compounds isolated from 
plants have been definitely characterized but there liavc been indications 
and postulations that selenium-containing amino acids might exist in plants. 
In most of the work regarding toxicit}' of selenium, inorganic selenium com- 
pounds have been used. Frankc and Moxon (1), Smith, Stohlman and Lillie 
(2), Jones (3), and others have worked on the toxicity of inorganic selenium 
when administered by intra peritoneal and intravenous injection. Frankc 
(4), Frankc and Potter (5), and IMunsell, DoVaney and Kennedy (G), among 
others have described, in some detail, the effects of orally ingested selenifcrous 
foodstufls on experimental animals. In the above-mentioned work it was 
generally agreed that the .symptoms were similar regardless of the form of 
selenium administered. 

Painter and Franke (7) found that the selenium in cereals is in an organic 
form. Recently' Painter c( al. (S and 9) have compared the chemical proper- 
ties of selenium in selenifcrous proteins and in a number of organic selenium 
compounds, Horn and Jones (10) have reported the isolation of a crystalline 
selenium containing compound from plant material. They have assigned 
the formula C7II11X2O4SC based upon percentage composition and have 
suggested that the compound is a selenium ether of a-ami no-butyric acid and 
a-amino-propionic acid. 

^ Approved for publication by the Director of the South Dakota Agricultural Ex- 
periment Station, as contribution No. 12S of the Journal Series. 

= All tlircc forms of selenium-cystine were synthesized by Dr. Arne Fredga, Upsala 
University, Upsala, Sweden. For information concerning preparation and properties of 
sclcnium-cystinc see: Fredga, Svensk Kemisk Tidskrift, 48: 1G0-1G5, 103G; 49: 124-130, 
1937 and 49: 138-145, 1937. 

» Present address, McArdle Memorial Institute for Cancer Research, University of 
NYisconsin, Madison, Wisconsin, 

< Present address, Department of Biochemistry, University of Wisconsin, Madisin, 
Wisconsin. 
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Moxon, Anderson and Painter (11) compared the toxicity of a number of 
orgamc selemum compounds representing three different types of orgamc 
selemum linkages and three different organic radicals linked to selemum All 
of the compounds were much less toxic than sodium selemte Moxon (12) 
investigated the toxicity of optically inactive Bclenium-cystine When 
injected intraperitoneally into albino rats the toxicity of selemum cystine 
was about equal to the toxicitv of sodium selemte It was much more toxic 
than any of the other orgamc selenium compounds that we have had an 
opportumlj to study 

In this report the toxicitj of selenium m optically inactive selenium- 
cystine was compared with selemum as it occurs m selenifcrous wheat and 
as a common inorgamc form of selemum, sodium selemte All three of the 
rations contained the same concentrations of selemum The toxicity of 
selemum m the optically active enantiomorphs d- and I selenium-cystine was 
also mvestigated 

THE TOXICITY OF OPTICALLY INACTIVE SELENIUM CYSTINE 

Two senes of albino rats were used m the comparison of the toxicity of 
selemum cystine, selem/erous wheat and sodium selemte Toxicity measure- 
ments were based on food consumption, growth, pathological condition and 
selemum content of the various organs The retention of the three forms of 
selemum was also compared by determining the amount of selenium ex- 
creted in the iinne and in the feces m some metabolism studies 
The first series (senes 145) consisted of 24 albino rats, which were cUvuded 
into four groups of G rats each The animals were twenty-eight days old 
when placed on experiment and the average weight of each group was within 
five grams of the av erage weight of the series 
The first group, the control group, received the following ration 

ptremt 


Wheat 82 

Casern 10 

Lard 3 

Dehydrated yeast 2 

Cod liver oi! 2 


l^IcCollura’s salt mixture 1 

The second group received the same ration except that seleniferous wheat 
''as vised m place of control wheat, and the resulting ration contained 18 
ppm of selenium Tlie third group received a ration containing optically 
inactive selenium cystine added m such a quantity that the ration also con- 
tained 18 p p m of selenium 

The animals remained on experiment for eighty days during which time 
2 rats from each group (except the controls) died The organs from these 
animals were examined and analyzed for selemum Each hver showed 
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necrosis, the degree of severity varying vith the time of death. Hemo* 
chromatosis, atropliy, and necrosis of the liver, adhesions of the liver lobes 
and enlargement of the spleen were the most noticeable pathological condi* 
tions exhibited bj' tliesc animals. Xo appreciable difTercncc vas noted in the 
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1 ilalcs 

Females 

j Males 

1 

None 

8.4 


12.0 


2 

IS p.p.m. Bclcnium (wheat) 


G.25 

9.2 


3 

18 p.p.m. Bclcnium {scleniiim- 

7.8 

1 6.5 

8.4 

! 8.25 


cystine) 





4 

18 p.p.m. selenium (XatSeOj) 

5.5 

5.0 

8.2 

7.25 









P 

1 

1 

1 

m 


Wk 







Females 


Fig. 1. Guowth Curves (Series 145) 

A, control diet; i?, sclcniferous wheat diet (18 p.p.m. Se); C, selenium-cystine diet 
(18 p.p.m. Se); D, sodium selenite diet (18 p.p.m. Sc). 


degree of pathology vdiich might be attributed to the different forms of 
selenium. 

The daily food intake for the control males increased from G grams per rat, 
when the experiment started, to 14.5 grams at the time the animals were 
killed. The food intake of those rats receiving selenium-cystine, and those 
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receiving seleniferous wheat was considerably lower than that for the controls, 
while the group which received sodium selenite had the lowest average food 
intake of tlie series. 

The average weights for the males and females of each group was recorded 
at five-day intervals (fig. 1). 

As will be noted (fig, 1) the control group showed a steady increase in body 
w*eight. The growth of all the other animals in the series was comparatively 
slow, since a diet containing 18 p.p.m. of selenium results in a severe inhibition 
of normal growth. It will also be noted that the average weight of the animals 
receiving selenium-cystinc and selenifeious wheat paralleled each other quite 
closely from the beginning to the end of the experiment, showing a definite 
similarity in the toxicity of those two forms of selenium. The growth of ihe 
sodium selenite group was inhibited slightly more than the growth of the other 
two groups wliich received seleniferous diets. 

At the end of eighty days the remaining animals were killed and autopsies 
were performed. Careful examination of the organs w’as made and tlie 
typical pathological conditions were noted in all rats receiving selenium. 


TABLE 2 


ORO0P 

SELENItnH 08ED 

1 

None 

2 

18 p.p.m. selenium (wheat) 

3 

18 p p.m. selenium (eelenium-cystine) 

4 

18 p p.m. selenium (NaiSeOj) 

5 

18 p.p m. selenium (selenium-cystine) + 10 p.p.m, As(NaiHA80j) in 
drinking water 


The livers were necrotic, atrophied and showed evidence of hemochromatosis. 
The spleens were enlarged in some of the animals. 

The organs of these groups of animals were analyzed for selenium as com- 
posite samples (tabic 3) by the digestion-distillation method (13). 

For confirmation of these results a second scries (series 146) of animals was 
employed to repeat the same study. This scries consisted of 30 albino rats 
which were divided into five groups of 6 rats per group These animals were 
selected for experimentation (as to age and weight) in exactly the same manner 
as the animals in series 145. 

The first four groups received the same ration as the groups in the previous 
series (table 2). The fifth group received 18 p.p.m. of selenium-cystine but 
in addition it received 10 p.p.m. of arsenic as sodium arsenite in the drinking 
water. This level of arsenic had pre\iously been found to give protection 
against 18 p.p.m. of selenium as seleniferous wheat (14), so this group was 
included to determine if arsenic would also give protection against selenium 
as selenium-cystine. 
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This series also remained on experiment for eighty days. Several animals 
in groups 2, 3 and 4 died during the experimental period. The patholo^cal 
conditions observed by macroscopic examination of the organs resembled 
very closely the conditions observed in scries 145, most noticeable were 
hemochromato'^is of the liver, atrophy of the central liver lobes, necrosis of 
the liver, enlargement of the spleen and accum\ilation of ascitic fluid in the 
peritoneal cavity. Groups 2, 3 and 4 exhibited thc'^c conditions, while the 
animals in grouj) 5, which received 10 p.p.m. of As in addition to IS p.p.m. 
of selenium showed no degenerative efTccts from the selenium and their 
food intake and growth compared closely with the controls (group 1) indi- 


TABLE 3 

Selemum confenC of rats in series J4^ 


cnoup 

COUPO*»lTr 8AM- 
n.i:8 OP UPAKT, 
LU^C^, 8PLrEV, 
XIDSCTB 

nnAiH 

UVErt 

CAia:Afis* 

1. Control 

0 p.p.m. Sc 

0 p.p.m. Se 

0 p.p.m. Se 

0 p.p.m. Se 

2. Sc-wheat 

4G 6 

3.75 

45.1 

10.0 

3. Sc-cystine 

•10 0 

3 33 

37 5 

10.0 

4. Sodium selcnito 

40 0 

3.00 

37 2 

11.0 


* Entire carcass except the organs listed in tables and the contents of the G-I tract. 


TABLE 4 

Selenium content of rats in series 140 


onotjr 

COMPOSITE SAM- 
PLES or KIDNEYS, 
heaht, lu.vgs, 

SPLEEJJ 

nnAiv 

LIVER 

CARCASS* 

1. Control 

0 p.p.m. Se 

0 p.p m Se 


0 p.p.m, Se 

2. Se-wheat 

50 0 

2.15 


8 

3. Sc-C 3 'stinc 

48 2 

2.40 

47. S 

7 

4. Sodium selenite 

39.5 

1.95 

! 44.4 

8 

5. Sc-cj'stinc -f As 

1G.6 

2.25 

19. G 1 

4 


* Entire carcass except organs listed in tables and contents of the G-I tract. 


eating that arsenic gave good protection against the toxicitj' of selenium in 
this form. 

The daily food intake for the control group, and the group receiving sele- 
nium-cystine plus arsenic, increased steadily throughout the experimental 
period. The food intake for the selenium wheat group, and the selenium- 
C 3 'stme group was considerably lower while the sodium selenite group had the 
lowest food intake. 

The animals recehing selenium-cystine plus arsenic grew normally as 
compared with the controls. The growth of the animals receiving selenium- 
ium-c 3 ^stine and those recei\nng seleniferous wheat was inhibited considerably 
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(to about the simo ilegice in each case) The glow th of the sodium «!clenite 
gioup A\as inhibited slightly more than the giowth of the sclenium-cjstine, 
and the selenifeious wheat groups 

U the end of eight} dajs the surviving lats weic l^iJIed, the various organs 
from each animal were dried and then selenium content dctci mined (table 4) 
The vaiious rc&ults obtained from this senes compiled verj closcl} with the 
lesults obtained m the previous seues, which indicated that the toxicity of 
selenium is about the same m scleniiim-t}stmc and m scleniferous v\heat 

&ELEMUM CONTEN^T OF ORGVNS \^D TISSUES 

The results of the analyses of the animals from the two senes (115 and 
14G) arc showai m tables 3 and 4 

The selemum content of various oigans from the two series agrees ver> 
well The organs fiom the rats receiving the selenifeious wheat diet (group 
2 in each senes) showed a shghtlj higher selenium content than those fiom the 
group which receiv ed sodium selenite This is in agreement w ith the results 
of Smith, Westfall and Stohiman (15) although thev did find a wider differ- 
ence between the retention of organic and inorganic selenium in their expen- 
ments w ith cats The selenium-c> stine groups retained shgbtl} less selenium 
than the scleniferous wheat groups but distinctlj m'ore than the inorganic 
selenium groups The retention of selenium bj the selenium-cjstme group 
which received arsenic is considerably lower than the retention by the sele- 
nium-cystine group which did not receiv e arsenic This is in agreement with 
our earliei observations on the influence of arsenic upon the metabolism of 
selenium It could explain at least a part of the effect of arsenic in preventing 
selenium poisoning (14) 


METABOLISVI STUDIES 

As a pait of the biological comparison of the toxicity of the three sources of 
selenium, a group of metabolism trials were conducted The amount of 
selenium ingested v\ as calculated from the daily food intake, and the amount 
of selenium excreted was determined by selenium analysis of urine and fcccs 
after each sev cn day period, which was the time allotted for each trial 

Six rats, weighing approximately 110 grams each, were divided into three 
groups of two rats pei group The rats were five v\ceks old and had received 
a control (selenium fiee) ration previous to the e^peiimcnt Two rats were 
given scleniferous wheat ration, two were fed selenium cystine, and two v\erc 
fed a sodium sclemte ration Each animal was kept in an individual metab- 
olism cage, and removed into an individual feeding cage for two one-hour 
periods during the day 

At the end of each seven-day period selenium analyses were performed on 
the urine and feces samples, and subsequent calculation of the percentage 
excretion of selenium from the unne and feces was made 



TAULK 5 


A comparison of excretion and retention of sekmum administered as selcnifcrotis xoheal, 
selcnium-cf/siinCf and sodium selenite 


Selenium content of diets « 18 p.p.m* in all cases 


Dirr 

HAT 

NCMltCft 

total 

A5IOUNT or 
(So iNat<4TrD 

ren CEVTor 
INGESTED Sc 
EXCIIETED 
IN UKIVE 

1 PER CENT or 

iNorsTED Se 

EXCRETED 

INIECE9 

TOTAL 

PERCENT OF 
Se EXCRETED 

First week 



1 mpm. 


■■1 


Se- wheat 

1 G33S 

0 630 

' 22.2 


40.0 

Sc-w licat 

6322 

1 0,324 

21.3 

In 

1 30.7 

Se-cystine 

6325 

0 720 

20.8 

■n 

36.1 

Sc-cystinc 

6303 

0 750 

18.5 

14 8 

33.3 

Sodium selenite 

6315 

0.594 

16,9 

17.4 

34.3 

Sodium selenite J 

6321 

0 558 

21.5 

17.1 

3S.6 


Second week 


Sc-wheat 

6338 

j 0 702 

25.6 

16 0 

42.5 

Sc'\\ heat 

* 0322 

f 0 540 

29.6 

18.4 

48.0 

Sc-cystine 

0325 

0.G8J 

32.1 

14,6 

46.7 

Sc-cystine 

6303 

0,792 

25.2 

IG.l 

41.3 

Sodium selenite 

0315 

0 594 

31.7 

16.8 

48.5 

Sodium selenite 

6321 

0 612 

29 3 

14.7 

44.0 


Third 

w’cek 




Sc-w licat 

G33S 

d.GGC 

31.5 

IS.Z 

49.6 

Sc-wheat 

6322 

0 596 

33.5 

16 7 

50,2 

Se-cystinc 

0325 

0 CG6 

34.5 

1G,5 

51.0 

Se-cyslinc 

6303 

0 G4S 

30 8 

15 4 

46.2 

Sodium selenite 

6315 

0 450 

37.7 

15 5 

53.2 

Sodium selenite 

0321 

0 612 

36 4 

17 9 

52.3 


Fourth 

week 




Se-wheat 

1 C33S 

0 396 

' 30 5 

^ 20.2 

! 56.7 

Sc-wheat 

6322 

0 342 

34 G 

23 2 

57.8 

Sc-cyatino 

6325 

0.594 

30 4 

19.6 

50.0 

Se-cystinc 

0303 

0 630 

35 3 

18.9 

54.2 

Sodium selenite 

6315 

0 450 

37 1 

18.6 

55.9 

Sodium selenite 

6321 

0 396 

38 2 

20.5 

5S.7 

Fifth week 

Se-w’heat 

G33S 

0 504 

31 92 J 

24 35 

56 27 

Se-wheat 

6322 

0 432 


21 62 

60 97 

Sc-cystine 

6325 

0.738 

35 09 

19 67 

54 76 

Sc-cystmc 

0303 

0 720 


22 50 

59 51 

Sodium selenite 

6315 

0 576 

34 72 

24 81 

59 53 

Sodium selenite 

6321 

0.558 

35 84 

22 75 

58.59 


Si\th week 


Se-\>heat 

Se-\^beat 

Sc-cystinc 

Sc-cystine 


633S 

6322 

6325 

6303 

rot s 


(Died between fifth and si\th week) 


0 594 
0 612 
n 


35 8 

20 5 

38 2 

21 6 


fi 


56 3 
69 S 
60.9 
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As will be noted jn table*! 5 and G the total ( \cretion for trial 1 %\as between 
30 and 40 per cent of the scltmum ingested ^Mien the trials were com 
pleted the total selenium excretion ranged from 55 to G5 per cent of the amount 
ingested There was onlj a small incicase m selenium exeietcd m the feces 
The percentage of selenium excreted m tlic feces was lowei than that found 
bj Gortner and Lewis (16) foi the rats leceiMng sodium selenite This can 
undoubtedly bo explained b> the Ingher selenium content of the diet which 
they used The increase m total selenium excretion was foi the most part 
due to an increase in selenium excreted in the urine The percentage ex 
cietion of selenium m the urine A\as almost doubled m the last trial o\er the 
first trial This deci eased selenium letcntion ma\ be due eithei to the m 
creasing age of the rats since old rats ha\e been found more resistant to 
selenium poisoning or it may be due to physiological factors which limit the 
amount of selenium retained on continued administration 


TABLE 6 

Shomng the total ingestion and excretion oj selenium for six week period 



1 HAT 

1 Kti 

[ TOTAL 

AilOeVTOF j 
Se INOESTED 

irTAL 

1 Aj ouNT or 1 

Se EXCRETED 

AitOUHTOF 1 

IN nasiTEs 

PERCENT OP 
TOTAL IN 

cesTEo 

retained 

in TXSdCCR 

Sc \vl eat 

G338 

! 2 SOS 

fngm 

1 3S1 

1 517 

52 34 

So wheat 

! 6322 

2 234 

1 136 

1 09S 

46 92 

Se cyatine 

1 6325 

3 996 

1 903 

2 033 

49 12 

Se cystine 

6303 

' 4 15S 

2 014 

2 144 

i 51 56 

Sodium selenite 

6315 

3 16S 

1 632 

! 1 536 

1 48 48 

Sodium selenite 

6321 

1 3 204 1 

1 660 

1 540 

48 06 


There was no significant difference m the amount of selenium excreted by 
the three different gioups when expressed as pci cent of the total selenium 
inge')ted durmg the duration of the trials 

THE TOMCITX OF OPTICALI X ACTIVE St LENIUM CX STINE 

The toxicitics of the two optically actne forms of the selenium analogue of 
cystine haxc been compared The results of two senes of rats shoxx that the 
d form IS only about one-third as toxic as the / foim The compaiatixe 
toxicitics of selenium as d selenium cystine f selenium cystine and sodium 
selenite is xcry well illustiatcd by the photogiaphs in figures 2 and 3 
The Iners in figure 3 are represontatixe of the hxors from the 16 ruts on 
each diet The f selenium cystine caused more sex ere atroplix of the central 
lobes than did the sodium selenite Hy pertrophy of the caudate and lateral 
lobes was also more prcxalcnt m the lixers from the I stlcniura cystine am 
mals As will be noted in animal C figure 2 the I solenium-cy stme caused 
considerable loss of hair from the flanLs 
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c 


t 

o 



. : D 

Flo* 2. il, control; 5, 20 p.p.m. Se in diet (d-selenium-cystinc) ; (7, 20 p.p.m. Se in diet 
(l-selenium-cyatine) ; D, 20 p.p.m. Sc in diet (NasSeOj). 

Toxicities based on mortality rates, growth rates, pathological condition 
of organs and general symptoms show /-sclcnium-c^^stine to be considerably 
more toxic than d-sclenium'Cystine and even considerably more toxic than 
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selenium as sodium selenite. ?-SeIcnium-cj*stine is, in fact, the most toxic 
organic .selenium compound that u-e have Iiad occasion to u ork with while the 
toxicity of the d-.selcnium-cystine is about equal to that of such organic 
selenium compounds as /3-selenodipropionic acid (U). It lias been demon- 
.strated that d-cystine cannot be utilized for growth by the rat in lieu of 
f-cystine (17). The difference in toxicity of the two optically active forms of 
selenium-cystine is probablj' related to the difference in the biological values 
of the corresponding enantiomorph.s of cystine. 

If the new .selenium containing amino acid which Horn and Jones (10) 
have recently isolated from plant mateiial is proven to have the structure 



C D 

Fia, 3. Livers from Rats in Fiourb 2 


which they have suggested, it should be very toxic since it contains a amino 
groups and asymmetric carbon atoms. Moxon (12) has recently shown that 
the selenium in optically inactive selenium-cystino is six to seven times as 
toxic as selenium in the form of diselonodipropionic acid. 


Se 


CH, 

j 

CHj 

CHNHt 

j 

CHNHt 

j 

COOH 

j 

COOH 


Selenium-cystino (optically inactive form) 
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Sc 

1 


Clls 

1 

CII 2 

1 

j 

cih 

1 

1 

CH. 

coon 

j 

COOH 


disclnodipropionic acid 

Tho minimum fatal doses of selenium-cystine when injected jntraperi- 
toneally into albino rats is 4.0 mgm. of selenium per kilogram of body weight 
while for pp' disclenodi propionic acid it is 25 to 30 mgm. of selenium per 
kilogram of body weight. This difTercncc in toxicity is probably due to the 
asymmetric carbon atoms in the seloniinn-cystinc since the ?-form of selenium- 
cystine is so much more toxic than tl)c //-form. 

SUMMARY 

In the first series (scries 145) the toxicity of sclcnifcrous wheat, selenium- 
cystine, and sodium selenite was compared administci’ing tlie different 
forms of selenium orally. Growth curves, daily food intake, macroscopic 
examination of the various organs, and selenium analysis all seemed to indi- 
ate that the toxicity of selenium-cystine was very similar to the toxicity of 
sclcniferous wheat. 

In the second series (series 14G) the same compounds were compared and 
the same results obtained. However, this scries contained an additional 
group wliich was fed a ration containing selcnium-cystine and was given 
drinking water containing 10 p.p.m. of arsenic, in order to note whether arsenic 
would give protection against selenium-cystine toxicity as it had previously 
protected against the toxicity of selenium in seleniferous wheat. It was 
noted that arsenic gave full protection against the toxicit}^ of selenium in 
sclcnium-cystinc. 

A third series of albino rats were used to compare the percentage excretion 
of selenium when the three sclcniferous rations were administered. Both 
urine and fcccs selenium was determined and from the total amount of sele- 
nium ingested the percentage excretion was calculated. There was no signi- 
ficant difference in the amount of selenium excreted when the different rations 
were given. 

d-Selenium-cystine was found to be moderately toxic while /-selenium- 
cystine appears to be the most toxic organic selenium compound that we have 
had occasion to feed to animals. 

All results seemed to indicate that there could be a relationship between 
the compound which contains the selenium in cereal foods and selenium- 
cystine. Since it has been found that selenium in cereals is organic them 
may be a replacement of the sulfur by selenium in some sulfur containing 
compound or compounds which arc present in the cereals. 
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The most extensive study of the toxicity of tungsten, the greater part of 
which is concerned with the subcutaneous injection of sodium tungstate, 
has been made by Bernstein-Kohan (1). In the one experiment devoted 
to the oral administration of sodium tungstate, 17 mgm. were given daily for 
45 da^'s to a 1400 gram rabbit with no effect except a constant diarrhea. 
From this it was concluded that sodium tungstate is slightly, if at all, ab- 
sorbed from the gastro-intestinal tract. In a single experiment, Levin and 
Pouchet (2) observed no effect in a dog given 4 grams of ammonium tungstate. 
On the other hand, Karautassis (3, 4) produced death in 3 guinea pigs by the 
oral administration of sodium tungstate as follows: 

575 grams body weight, dosage of 0.75 grams, death in 5 hours 

632 grams body weight, dosage of 0.5 grams, death in 23 hours 

640 grams body weight, dosage of 0.5 grams, death in 16 hours 

Obviously these few expci’imcnts shed little light upon the toxicity of 

orally-ingested tungsten. Since rats are more readily available in our labo- 
ratory than are the other species mentioned, experiments were carried out in 
order to arrive at some approximation of the toxicity of several compounds 
of tungsten in the rat. 


METHODS 

Thirty-seven day old male and female rats from the C ollcgc eoloiiy were caged separ- 
ately in groups of 5 or 6. Ground Purina dog chow was fed to the control animals while 
the experimental animals weic fed the control diet in which the powdered tungsten 
compound had been carefully mixed. Water and the diet were fed ad libitum. 

The food was weighed cvoiy second day and the rats were weighed at intervals of 
9 to 12 days. The food consumption values are not regarded as being exact for the rats 
on the experimental diets occasionally wasted the food despite the use of special food 
cups. All deaths were recorded and arc designated upon the growth curves. 

The groups were given the following diets: 

Piet A, Purina dog chow. 

Diet B. Purina dog chow + 0,1 per cent W as 0.1262 per cent tungstic oxide. 

Diet C. Purina dog chow + 0.1 per cent W as 0.1795 per cent sodium tungstate. 
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Diet D Punna dog cho« +05 per cent W as 0 S975 per cent sodium tungstate 
Diet r Purina dog chov\ +05 per cent Vk as 0 631 per cent tungstic oxide 
Diet F Purina dog chon +05 per cent as 0 6912 per cent ammonium paratung 
state 

DietG Purina dogchou + 2 0percent^\ as 2 756 per cent ammonium paratungstate 
Diet H Purina dog chow + 2 0 per cent \V as 3 59 per cent sodium tungstate 
Diet I Punna dog chow + 3 96 per cent W as 4 99 per cent tungstic oxide 
Diet J Purina dog chow +50 per cent IV as 6 912 per cent ammonium paratungstate 
All of the experiments weic continued for 70 dajs unless the 3 were terminated earlier 
b\ the death of the entire group 

The tungstic oxide 99 84 per cent WOj was obtained from A D Mclva} Companj , 
the sodium tungstate 55 76 per cent \\ from Eimor and Amend the ammonium para 
tungstate 91 21 per cent WO* fiom the General Electric Compan> 

DISCUSSION OF RESULTS 

Each of the compounds uill bo discussed separateU 

Ammomum paratungstate reference to chart 1, it is ctident that 

ammonium paratungstate equivalent to 5 0 per cent W (diet J), is markedly 
toMC One rat died on the sixth day after hav mg ingested 1 50 grams of 
W, accmdmg to a\ crage figures of table 2 The remaining 4 rats died on the 
ninth and tenth dajs after havnng consumed 2 25 and 2 50 grams W respec 
tivelj Tile prompt loss of weight and the carl^ death demonstrate con 
clusivclj that this concentration of W in the diet ig highh toxic No female 
rats were placed on this diet but it appears reasonable to a^’sume that the) 
would have reacted m a similar manner 
Charts 1 and 2 show that the 2 0 per cent W diet (diet G) produced an 80 
per cent mortaht) after nineteen dajs The first death among the males and 
females occurred at practicall) the same time ten and nine da) s respcctiv el) , 
after the male had consumed according to table 2 an av erage of 1 2 giams 
of W and the female an average of 0 32 gram of \V The last female death 
occurred on the eleventh da) and the last male death on the nineteenth da> 
The surviving male and female at the end of the 70 da) experimental period, 
had consumed approximate!) 22 4 and 12 G grams of W respectively In 
view of the large qiiantit) of wasted food which could not be satisfactonl) 
conti oiled tho<?e figures of consumption are of doubtful value The male 
however did begin to gam weight after about twent) da)s on the diet and 
finallv gained 100 grams more than the initial weight Even though the 
actual quantitv of W consumed cannot be ascertained with certainty, this 
rat must have consumed large quantities of the diet in order to attain the 
final weight The female survivoi never regained the initial weight 
The 0 5 per cent W diet (diet T) had onl) a "ilight effect upon grow th as the 
males at the end of 70 da) s w eighcd 3 9 per cent less and the females 5 3 
per cent less tlian the controls on diet A The males had ingested a total of 
5 25 giams W and the females a total of 3 15 grams W 
Tungstic oxide On the 4 99 per cent tung'itic oxide diet, equivalent to 
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Chart 1. Gain in Weight and Deaths on Various Tungsten Diets 
Diet A, control. Diet B, 0.1262 per cent tungstic oxide. Diet C, 0.1795 per cent 
sodium tungstate. Diet D, 0.8975 per cent sodium tungstate. Diet E, 
tunEStic oxide. Diet F, 0.6912 per cent ammonium paratungstate. Diet U, 
cent ammonium paratungstate. Diet H, 3.59 per cent sodium tungstate. Diet i, 
per cent tungstic oxide. Diet J, 6.912 per cent ammonium paratungstate. 

Chart 2. Saime as Chart 1 
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TABLE 1 


Ateragc uctght and average Jood consumption on diets showing no mortahly 


aiit 

1 atx 

812 

P 

, AVGRuae 
OAILT 

|COKStIMPTlOX 

a 5® 

1 < 2 a 

iSSS 

j A.VERAQG 
DAtLT 

COSaUMPTlONl 

gsg 

ill 

AVBRAOG 

i>An.T 

cQvaeumov 



1 Food 

1 " 

1 Food 

w 


j Food 

W 

Control 

! M 

194 

: 

16 1 

1 0 

262 

1 ffrom* 

15 7 

0 0 

285 

15 0 

0 0 

0 1262% tungstic o\idc 

1 

1 180 

|13 6 

0 014 

’ 243 

14 5 

'0 014 

267 

Il3 7 

0 014 

0 1795% sodium tungstate 

' iM 

178 

13 1 

0 013 

242 

13 0 

0 013 

260 

;12 4 

0 012 

0 6912% ammonium paratung- 
state 


1 

^ 186 

17 0 

0 085 

^ 249 

i 

16 0 

p 08 

274 

15 3 

0 076 

Control 

F 

1 136 

11 0 

0 0 

174 ' 

10 2 ' 

0 0 

188 

9 7 

0 0 

0 1262% tungstic o\ide 

F 

127 

10 0 

0 01 

150 1 

10 0 j 

0 01 

174 

9 7 

0 009 

0 1795% sodium tungstate 

F 

116 

8 3 

0 008 

156 

9 6 

0 009 

168 

9 3 

0 009 

0 6912% ammonium paratung 
state 1 

F 

I ^36 , 

12 0 

0 06 1 

163 1 

10 0 

0 05 

178 1 

9 3 

0 046 


TABLE 2 

Average daiUj food consumption on diets showing mortality 




tT«r,r. 

CMTIli 

UWTIE 

until 1 

UN HE 




secQKO 

TtiiaD 

fOCRTR 1 

flTTH 

DIET 

asx 

DEATH 

death 

1 DEATH 

death 

death 



1 Food 

■ w 1 

Food j 

w 

Food 

\v 

Food 

\v 

Food 

w 



1 grams 

ffram$ 


grams 

grams' 

trramt 

praJTw 

grams 

grams 

fframs 

6 912% ammonium para> 




i j 


\ 






tungstate 

M 

1 3 

0 25 

^ 1 

|0 35 

7 

0 35 

7 

0 35 

7 

0 35 

4 99% tungstic oMde | 

M 

1 ^ 

0 119 

3 1 

lO 119 

3 

0 119 

3 1 

0 119 

3 1 

0 119 

F 

5 

0 lOS 

5 j 

'O 198j 

5 1 

0 I9S| 

5 

0 19Sj 

5 

1 

0 198 

3 59% sodium tungstate | 

M 

F 

3 i 

4 

0 00 

0 08 

3 

3 

1 

0 06 

0 06 

3 

3 

1 

0 06 

0 06 

3 1 
3 

0 06 , 

0 06 

3 : 
3 

0 06 

0 06 

2 756% ammonium para / 

iM 

6 

0 12 

6 

0 12 

4 

0 08 

4 . 

0 OS 



tungstate \ 

F 

2 

p 04 

2 

0 04 

8 

0 16 

8 

0 16 

1 


0 631% tungstic oxide | 

M 

F 

6 

7 

p 03 
p 035 

5 

7 

0 025 
0 035 

5 

7 

0 025 
0 035 

10 

15 1 

0 05 

0 075 

1 

15 

0 075 

0 S97o% sodium tungstatej 

F 

7 

7 

p 035 
jo 035 

1 2 

o o 

o o 

7 

7 

O o 

o o 

7 i 

0 035 

1 

1 



3 90 per cent W (thet 1), aJl 5 of fhe males were found dead on the fourth da^ 
while 2 females were dead on tlie third da^ and the remaining 3 on the fourth 
da\ In both ta'^cs much food wn«? wasted ‘•o that the consumption \ allies, 
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0.476 gram W for the males and 0.396-0.504 gram W for the females, are of 
doubtful value. 

The 0.5 per cent W diet (diet E) produced the first death in the males on the 
tenth day, in 2 more on the eighteenth day, and in the fourth rat on the 
twenty-third day. The first death followed a total consumption of 0.3 
gram W, the next 2 after a total consumption for each of 0.5 gram ^V, and the 
fourth death after the rat had consumed a total of 0.75 gram W. The sole 
survivor, during the entire 70 days of the experiment, consumed a total of 
3.1 grams W and never regained its initial weight. In the females on this 
same diet, 1 died on the twelth day, 2on the fourteenth, 1 on the seventeenth, 
and 1 on the eighteenth day. The consumption of W totaled 0.42 gram, 
0.49 gram, 0.71 gram, and 0.79 gram respectively. The sole survivor, during 
the entire 70 da 3 '.s, consumed 2.61 grams AV and never regained its initial 
weight. 

The 0.1 per cent AV (diet B) produced no deaths in 70 days. The males, 
at the end of this experimental period, weighed 6.3 per cent less than the 
controls, and had consumed a total of 0.9S gram AA\ The females weighed 
7.4 per cent less than the controls and had consumed 0.G8 gram AA'. 

Sodium tungstate. 3.59 per cent sodium tungstate, equivalent to 2.0 per 
cent AA^ (diet H), proved fatal to 1 male in five days (0.3 gram AA* total con- 
sumption), 3 more on the sixth day (0.36 gram AA^, and the last 1 on the 
seventh day (0.42 gram AA’). Of the females, the first died on the fourth 
da}^ (0.32 gram AA^ consumed) and the 4 remaining ones on the sixth day 
(0.44 gram AA^ each). 

On the diet of 0.5 per cent AA^ (diet D), 3 males died on the twentj^-second 
daj’- after having consumed 0.77 gram AA^ The 3 survivors, at the end of 70 
days had each consumed 2.45 grams of AA^. The first female died on the 
seventeenth day (0.595 gram AAO, 2 on the twent^^-fourth (0.S4 gram AAO, 
and 1 on the twenty-ninth daj' (1.01 grams AA^). At the end of the 70-day 
period, the 2 survivors had each consumed 2,45 grams of AA’. Both the males 
and females wasted an appreciable quantit.y of diet. 

There were no deaths on the 0.1 per cent AA^ diet (diet C). Each male, at 
the end of the experimental period, had consumed 0.65 gram AA'^ and weighed 
8.8 per cent less than the control, while each female had consumed 0.61 
gram AV and weighed 10.6 per cent less than the control. 

SUMM.\RY 

In this type of feeding experiment, ammonium paratungstate is much less 
toxic in the rat than either tungstic oxide or sodium tungstate. 

The diets of ammonium paratungstate, equivalent to 5.0 per cent AA^ the 
tungstic oxide, equivalent to 3.96 per cent AV”, and the sodium tungstate, 
equivalent to 2.0 per cent AA^ produced 100 per cent mortality in the rat 
while the ammonium paratungstate, equivalent to 2.0 per cent AA , sho\\ 
an 80 per cent mortality. 
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On the diet's having a W equivalent of 0 5 per cent, the tungstic oxide 
produced death m 9 of 11 rats, sodium tungstate was fatal to 7 of 12 rats, 
while ammonium paratungstate produced no deaths On the latter diet, at 
the end of 70 dajs, the males weighed 3 9 per cent less and the females 5 3 
per cent less than the controls 

In the diets with a tungsten equivalent of 0 1 per cent, at the end of the 
70-daj evperimental period on the tungstic oxide, the males weighed 6 3 
per cent le'^s and the females 7 4 per cent less than the controls On the 
sodium tungstate diet, the males weighed 8 8 per cent less and the females 
10 6 per cent loss than the controls 
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During the last few years a -number of publications have appeared showing 
that xanthine and other rolativel}’ in^ioliiblc materials, when injected sub- 
cutaneously, render rats much more resistant to the poisonous action of 
carbon tetrachloride or chloroform. Since an understanding of the mecha- 
nism of protection might lead to developments of clinical significance in the 
prevention and treatment of certain liver conditions, we have conducted 
research on this problem for several years. Altliough the woi'k so far has not 
led to a definite explanation of the protective mechanism, the results obtained 
are presented at the present time since they clearly eliminate certain possibil- 
ities as important factors in the process. 

It was reported previously (1) that a decrease in the serum esterase (tri- 
butyrin h^'drolyzing power) of normal rats went hand in hand with the in- 
creased resistance which results from the subcutaneous injection of xanthine 
and other protective substances. It was also shown (1, 2) that the state of 
increased susceptibility wliicli follows the oral administration of fat was 
accompanied by an increase in the serum esterase concentration, while the 
administration of glucose, proteose-peptone and a balanced diet of Purina 
dog chow to similar^" starved animals did not affect the esterase content. 
Furthermore, the administration of carbon tetrachloride was associated 
invariabty with a rise in serum esterase rise, a definite increase being noted in 
as short a period of time as two hours after poisoning. Since these results 
suggested a definite correlation between the serum esterase concentration 
and the animal’s resistance to carbon tetrachloride, it was decided to investi- 
gate the problem in greater detail. Two different approaches to the problem 
were made: 

First, an attempt was made to lower the serum esterase concentration by 
the oral administration of suitable material and then to determine the animaPs 
resistance to carbon tetrachloride; second, an attempt was made to raise the 
serum esterase concentration of rats in a protected state produced by xanthine 
administration and then to determine their susceptibility to carbon tetrachlo- 
ride. The results, together with other data on the same general problem, arc 
presented in this paper. The analytical })rocedurcs employed have been 
described previously (3). 
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EFFECT OF THE OR\I \DMIMSTn\TIO\ OF VARIOUS SUBSTANCES 
ON SERIM ESTERASE 

Although a variety of different subbtance^ such as quinine h^drochlonde 
malonic, tartaric, succinic and lochacctic acids Jiaic been used, uc h-iAo been 
unable to depress the serum etsteiase concentration through the oral admmis 
tration of anj of these compound's Quinine hjdrochlonde is known to 
inhibit the tnbutMinase acti\ it\ of seiiim in vitro Gajdos (4) leported that 
malonic, succinic and tartaiic acuK would do the same Although able to 
conhim the in iilro inhibiting action of quinine, we ha\o been unable to show 
an\ definite inhibiting effect of model ate concentrations of the abo\e dicar- 
bowlic acids, if the pH of the icacting medium is kept optimal foi tiibutMin 
h\drol}Sis bv serum esterase Laszt and Veizar (5) found that lodoacetic 
acid prevented the fatt> infiltiation of the li\ci which usually results from 
phosphorus poisoning, con''Cquenth wc decided to test its effect on seium 
esterase activity We found that its administration m amounts comparable 
to those used b> the abo\ e authors, had no demonstrable effect either on the 
scrum esterase Ic\ cl or on the abilitA of the rat to respond to a feeding of fat 
bA a marked increase in serum esterase 

EFFECT OF BUlTEn FVT ON THE SERUM ESTERASE OF 
\AMHINE PROTECTED HATS 

Since the subcutaneous injection of Nanthme reduces the scrum estera‘'C 
concentration and fat gi\en oialh increases it, we decided to determine 
whether the pie\ious injection of xanthine would antagonize the effect of 
fat on the serum tsteiase In the«!e experiments rats were guen an injection 
of \anthine in amount sufficu nt to reduce marked^ the serum esterase con- 
centiation (75 mgm per 100 grams of bod> weight) In about 2 dajs aftei 
tlie injection when the seium cstciasc concentration should be at a minimum 
a*? determined b) pieiiouscxppumtnt': 2cc of butter fat were fed b> stomach 
tube and the animals wcie sacrificed at \aiious interxals thereafter From 
the expoiimi nt il data iccoidcd in table 1 it w ill be seen tliat \anthinc exerts 
no cUmonstiabk antagoni'.tic cfiect on the abihtj of fat to increase the scrum 
estera<-c tonccntiation 

In \ lew of this lack of antagonism of xanthine to the scrum esterase increase 
which follows fat administiation it was decided to determine whether \an 
thme injcttion would protect lats which had been given fat, against carbon 
tetrachloride Ihe cxpciimcntal lesults aie presented m tabic 2 CItail> 
the protettn e action of xanthine w as not inhibited bj the prior administiation 
of fat Since the protectn c action is everted in spite of a high initial serum 
tstcrase concentration ont miwt conclude that the piotective mechanism 
must be associated with some phase of f it metabolism other than that partic- 
ular phase rc'^ponsihlc for the sei iim esterase mcrea«e which follows the feeding 
of fat or fattv acids That some jihase of fat metabolism is associated with 
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susceptibility to carbon tetrachloride is evident from the well-known fact 
that the administration of fat to a normal animal definitely increases its 
susceptibility to carbon tetrachloride. Thi.s is also shown in the present 
e.\pcrimcnts in which the unprotected animals receiving fat were definitely 

TABLE 1 


Bffcct of xanthine on the serxtm esterase response following fat administration 


Nuxtonn 

AVCKAOC 

WEiailT 

fiEnUM E«5TERAaE 






4 

crams 

197 

12 

18 

13 

75 mgm. xanthine per 100 mgm. of 

i 

1 

5 i 

177 

i 

18 

33 

24 

body weight, killed 44 hours after, 
no food for last 24 hours 

Same as above but given 2 cc. of 

2 

204 

31 

3G 

1 

34 

butler fat 2 hours, 30 minutes 
before sacrificing 

Same as directly above but killed 3 

G 

180 

23 

4G 

34 

hours after fat administration 
^ Same as directly above but killed 3 

4 

19S 

28 

38 

32 

hours, 30 minutes after fat admin- 
istration 

Same as directly above but killed 6 






hours after fat administration 


TABLE 2 

Protective action of xanthine against liver damage from carbon tetrachloride administration 
to rats previously given btttlcr fat 


KnUDER 

NUMBER 

remarks 

or EATS 

Lived 

Died 

11 

11* 

0 

75 mgm. xanthine subcutaneously 48 hours 
before CCL administration 

13 

13* 

0 

Same as above but given 2 cc. of butter fat 3 
hours before gassing 

11 

7t 

4 

Controls without xanthine 

11 

2t 

9 

Controls similar to above but given 2 cc. of 
butter fat 3 hours before gassing 


♦ None of these rats looked ill at any time. 

t Afost of the rats which recovered looked extremely ill about 48 hours after poisoning. 


more susceptible to the poisonous action of the carbon tetrachloride than were 
control animals starved for the same lengtli of time but given no fat before 
gassing. 

It has been suggested b}^ various authors, and emphasized recently by 
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Ravdm, Gold^'Chmidt and Vars (6), that the dctiimcntal effect of fat admin- 
istration in carbon tetrachloride or chloroform poi*;onmg is due to the increased 
amount of li\er fat which results therefrom It was suggested that this 
increase m Iner fat increases the absorption and retention of these fat- 
''oluble poisonous substances bj the IiACr cells and consoquentlj causes 
greater cell destruction In a pre\ious publication (1) wc presented data 
‘showing that the concentration of liver lipids was not changed when rats 
A\ere protected against caibon tetrachloride bj the subcutaneous injection 

TABLE 3 


Effect of fat content of the hver on susceptibility to carbon telracbloride 



Note The time on the high fat diet in the different experiments varied from 13 to 24 
days In experiment 12 fatty livers w ere produced by feeding a Jon choline low fat low 
protein diet 


of xanthine Further evidence of the apparent unimportance of the actual 
hpid content of the liver is presented m table 3 In the'^c experiments, unless 
otherwise specified, the animals were placed on a low choline diet of the 
following per cent composition filtered buttei fat 40 crude fibrin 10, salt 
mixture 4, sucrose 43, agar 2, cod luer oil 1 and thiamin chloride 0 2 mgm 
After fattj li\ers were assured as judged from prCA lous experience with this 
diet, the animals were starved for approximately 24 hours together Avith a 
number of control animals on Purina dog chow 
In a few expeiiments, m order to determine whether the dt^gree of active 
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fat metabolism was impoitant, noimal animals were gi\en 2 cc of filtered 
buttci fat, and nftci 3 hours they, along with the other animals, weie anesthe- 
t ized in the chamber desci ibed pi c\ loiisjr (7) The time of complete anesthe- 
sia was usually G5 minutes, the animals lequiiing about 20 minutes from the 
time thev weic placed in the box, until they wcie anesthetized Shortly 

TABLD 4 


Effect of a single feeding of fat on Ixicr hptds 


rXTI RI 

SUM 

A\rn 


U’VER 





MENT 

HER or 













nEMARKft 

MiMurn 

R\T«1 

EiGin 

• T PE 

NI 4 
Choi 

■ Cho! 






Oranit 

per 

cent 

rrr 

cent 

per 

cent 




B-57 

1 

20G 

4 20 

2 0 

28 

1 cc 

of butter fat 

Killed 1 hour after 

B-CO 

2 

230 

4 62 

1 2 

26 

1 cc 

of butter fat 

Killed 2 hours after 

B-CG 

2 

20G 

4 06 

1 0 

29 

1 cc 

of butter fat 

Killed 3 hours after 


3 

200 

4 39 

0 0 

26 

1 cc 

of liutter fat 

Killed 4 hours after 


2 

22G 

3 83 

0 S 

25 

1 cc 

of butter fat 

Killed 5 hours after 


2 

190 

4 47 

2 4 

28 

I cc. 

of butter fat 

Killed 6 hours after 


2 

230 

3 78 

1 1 

28 1 

1 cc 

of butter fat 

Killed 7 hours after 


1 

23S : 

4 91 

1 4 

2G 

1 cc 

of butter fat 

Killed 8 hours after 


2 

18G 

4 00 1 

1 6 i 

25 

1 cc 

of butter fat 

Killed 9 hours after 


1 

220 

4 45 

1 2 i 

24 

1 cc 

of butter fat 

Killed 10 hours after 


4 

204 

4 26 

1 2 

25 

Controls without fat 

B-GGa 

J 

' 200 

4 62 

1 6 

26 

2 cc 

of butter fat 

Killed 1 hour after 


2 

190 

4 22 

1 2 

26 

2 cc 

of butter fat 

Killed 2 hours after 


1 

183 

4 06 

0 7 

26 

2 cc 

of butter fat 

Killed 4 hours after 


1 

180 

4 12 

1 8 

26 

2 cc 

of butter fat 

Killed 6 hours after 


1 

170 

4 09 

1 8 

25 

2 cc 

of butter fat 

Killed 9 hours after 


2 

ISO 

4 16 

1 3 

26 

Controls without fat 


B-50 

2 

25G 

3 50 

1 3 

37 

5 grams of 40 per cent butter fat-Punna dog 







chow diet Killed 3 hours after 


2 

260 

3 67 

1 2 

34 

Same amount of food 

Killed 5 hours after 


2 

256 

3 55 

1 1 

34 

Same amount of food 

Killed 7 hours after 


1 

273 

3 48 

1 0 

31 

Same amount of food 

Killed 9 hours after 


2 

243 

) 

3 74 

1 1 

3S 

Control without food 


7" P ir , total pJiosphohpKis, K F cho] , ncutra] /at pJus ciiolcsterol 


befoie the time of anesthesia one oi two of the experimental animals on the 
high fat diet weic killed, and the neutial fat plus cholesteiol content of the 
In CIS was determined The Inci neutial fat plus cholesterol of the contiol 
animals on Purina dog chow was not detci mined, but oui cxpeiience has been 
that in the I at this lipid fi action is not definitely inci cased bv a 24 houi staria- 
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tion period incl remains appro\imat{l\ 1 0 to 2 0 pti cent Oin experience 
hns also Jiccn Out the administration of 2 cc. of filtcicd biittti fat leads to onh 
an indefinite use m li\ci lipids (cf table 4) In cxpciiments 11 and 12 
sufficient choline ^\as fed to some of the aninnh to ple^ent fatt\ luers It 
mil be "ten that the rats cq treated aic appau ntb no moic resistant to the 
poisonous action of carbon tetrachloride tli in tlu others 

In ordei to dttcimmo whether the concentration of scrum lipids was of am 
significance in the protcctn e mechanism the ‘^ci urn lipids of rats m a resistant 
state following xanthine admmi'>t ration wcic determined and found not to 
diffci from those of control animals The experimental results aie piesented 
in table 5 In connection watli those experiments sc^oral others weie cairied 
out to determine whether xanthine affected the absorption of fat from the 
intestinal tract In these experiments xanthine wab injected and aftci 


TABLF 5 

Effect of the subcutaneous injection of xanthine on serum Itpids 


V JCIOKT or hat 

SErtTJM T r L. 

N y 4- CKOt 

1 KZMARES 


percent 

per cent 


207 

231 

195 

Given 75 mRin xanthine per 100 grams of body 
Height killed 47 hours after food for 

last 24 hours 

246 

231 

151 

Same as above 

216 

231 

184 

Same as above 

225 

227 ! 

ISI 

Same as above 

225 

243 j 

162 

Control starved same amount of time 

204 

230 

151 i 

Same as above 

220 

223 

173 

Same as above 

217 

220 

141 

Same as above 


T P L , total phospholipids N T 4* chol neutral fat plus cholesterol 


44 hours 2 cc of butter fat was given bj stomach tube "No food was allowed 
24 hours before the fat administration The animals were killed at inteivals 
up to si\ hours and their whole blood analj zed for neutral fat plus ehole"tcioI, 
and pho‘'pholipids No definite difference was found between the Iipid 
content of the blood of these animals and that of similarh treated control 
animals without xanthine 

Since ketone bodj foimation is increased m at least some of the conditions 
Known to increase an ammal’s sllsceptlblht^ to carbon tetrachloride and 
chloroform, such as stariation and fat administration cxpeiiments weie 
conducted to determine whether xanthine injections affected the concentration 
of ketone bodies in the blood In some experiments normal animals were 
stnned for a fi\c dai period and xanthine was injected 24 houis pnor to 
htarxation and e\cr} 48 hours thereafter Blood from the tail \om was 
obtained at intcn als and aiiab zed for total acetone bodie& bj Bchre’s method 
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(8) after pieliminary distillation. Blood from an equal number of contiol 
animals, starved for the ‘^ame period of time, was aho analyzed. The increase 
in ketone bodies noted was very slight in each case and no diflference between 
the control and xanthine-injected animals was evident. In other experiments, 
in order to obtain a more definite ketonemia, rats were given the high fat diet 
above described for 14 days before starving. Xanthine was injected as 
de.scribcd previously, and blood ketone bodies Mere determined at intervals 
thereafter. Typical e.xpciimental rc-sults are shovn in table 6. Although a 
certain degree of variation is noted betMeen the different animals, it can be 
cloaily ‘'Cen that the xanthine injections exerted no appaicnt influence on 


TABLE 6 

Effect of xanthine injections on the Ketonemia of fasting rats 



XANTHIVE IKJECrrO amimals 

covrnoL animals 

8E3C 

Rat 

Weight 

Total acetone per 100 «• after 
a fast of 

Hat 

weight 

Total acetone per 100 cc. after 
a fast of 


24 hours 

4S hours 

72 hours 

24 hours 

48 hours 

72 hours 


fframs 

Pigm. 

mgm 

mgm. 

prams 

mpm 

mgm. 

mgm. 


204 

14 8 

24.1 

20 5 

211 

12 9 

16.0 

26.6 


220 

5 6 

17 2 

23 0 


5 6 

17.2 

23.0 


255 

7 4 

4 7 


247 

6 2 

G.G 



212 

13 5 

12 0 


218 

12 0 

12 0 



2)8 

13 0 

JG 1 


228 

i 6 6 

G 6 



230 

10 3 

8 5 


180 

13 7 

18 5 


F 

200 

12 0 

11 5 


215 

8.9 

13 2 


F 

203 

5 2 

! 11 G 


213 

11 8 

19 2 


F 

213 

10 0 

13 7 


198 

14 5 

16 5 


F 

190 

30 3 

35 1 


205 

16 5 

24 0 


Average 

12 2 

15 4 



10 9 

15 0 



Note: All animals were on a high fat-low choline diet for 2 \^ceks before starving. 


the ketonemia of starving rats. Since a change in ketone bod}^ metabolism 
tvould probably be reflected b}*^ a change in the concentration of these sub- 
stances in the blood stream, it seems apparent that the protective action of 
the subcutaneous injections of xanthine is not due to a change in ketone body 
metabolism. 


DISCUSSION 

The experimental results obtained in this investigation indicate quite 
conclusively that the concentration of neutral fat and cholesterol in the liver 
is not an important factor in the protective mechanism of the rat against 
carbon tetrachloride inhalation. On the other hand, a state of active fat 
metabolism, such as that resulting from the feeding of fat several hours prior 
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to the time of poisoning oi thiough starvation, mcica^es the animal's sus- 
ceptibility This detrimental effect of a high fat diet and of starvation has 
been recognized generally for "^onic years Howevci, the most generalU 
accepted explanation for the detrimental effect of fat seems to have been that 
its admini-stiation would lead to an increase m liver fat and in this way increase 
the animal’s susceptibility Since carbon tetrachloride is fat soluble, it has 
been assumed that an increase m liver fat would increase the retention of 
carbon tttnchlonde in the hvci and consequently would result in a greater 
destruction of the hver cells That such an explanation is untenable seems 
ev ident from the results which we have obtained In a previous publication 
(1) it w as shown that the concentration of In er lipids of animals in a protected 
state from xanthine administration did not differ from that of normal rats 
In this paper data are presented showing that the administration of a single 
dose of butter fat, though it increases the animal’s susceptibility, leads to 
only an indefinite rise m the concentration of liv er fat Furthermore, animals 
with veiy fatty livers produced by low choline-high fat diets, starved for 24 
hours arc appaicntly only very «>lightly, if any, more susceptible than normal 
animals starv ed for the same length of time 

In one of the experiments presented in table 3, the animals given fat several 
hours before the time of poisoning were not more susceptible than the control 
animals However, in view of the results obtained in the other experiments 
and the experiences of otheis with a high fat diet, it seems safe to conclude 
that the lack of increased susceptibility m this case was due to the control 
ammals being, as a whole slightly more resistant than normal 

The apparent discrepancies between our results and those of Goldschmidt, 
\ ars and Ravdin (6) with chloroform, are probably due to the fact that their 
animals w ere not starved prior to the time of anesthesia Consequently their 
animals on a high fat diet not only had fatty Iiv ers but were piobably in a state 
of active fat meCabohsm during the penod of anesthesia, whereas their control 
animals on a normal diet were not It is improbable that the results can be 
explained by a difference m the action of chloroform and carbon tetrachloride 

Since carbon tetrachloride is fat soluble, it might be supposed that increased 
susceptibility might be due to an increase in blood lipids, thus increasing its 
''olubility in the blood and its transfer to the liver That such is not the case 
IS evident from the fact that rats m a protected state from xanthine adminis- 
tration do not differ m serum iipid content from normal rats Also the serum 
lipids of protected ammals following adrmmstration of butter fat by stomach 
tube show no apparent deviation from those of normal animals receiving 
the same amount of butter fat 

The question as to which phase of fat metabolism is involved remains to be 
answered That it is not related to the phase responsible for the increase 
in serum esterase which follows the oral administration of fat is obv lous from 
the fact that xanthine though it does not prevent an increase of serum 
esterase following fat administration, nevertheless exerts its protective 
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action in ‘spito of fat administiation. It nUo appaicnt that vaiiations 
in ketone body metabolism play no significant part in the piotccti^e mech- 
anism. 

Any di^c*us$ion as to tlic phase of metabolism involved, or any attempt to 
eoi relate theoietically the inci eased susceptibility following fat administration 
vith the inci eased le^istancc of animals on Iiigh caibohydiatc oi protein diets 
or the administiation of stilfui amino acids, expeciall}' metiiionino, as lecentl^" 
leiioitcd by Miller, Ro^s and Wlnp])le (9) seems superfluous until moie is 
known about the processes involved. It is po'^siblc that the state of activity 
of the leticulocndothelial system, expccially of the Kupflfer cells, is impoitant 
in the piotectivc mechanism. It is known that ccitain conditions which 
increase an animar.s susceptibility, such as starvation and the feeding of fat, 
are aho conditions in wliich fat tends to be deposited in the Kupffer cells. 
Evpcriments on the probable role played by these cells in the protective 
mechanism are now in progress. In unpublished experiments it have been 
.showni that xanthine injection leads to marked liver stimulation as evidenced 
by an increased fibiinogcn content of the blood. 

SUMMXRX 

It has been showm that the protective action of .xanthine against liver 
damage fiom carbon tctraciiloiidc is not diicctiy related to the decrease in 
scrum esterase which follows its subcutaneous administration to noinial rats. 

Animals with fatty liver's starved for twenty-four hours are v’ciy slightly, 
if at all, more susceptible to carbon tetrachloride than aie normal rats staned 
for the same period of time. However, the oral administiation of fat sev’cial 
hours before the time of poisoningincieases maikedb^an animaTssusceptibility 
irrespectiv'c of the concentiation of liver fat. 

Xanthine administration docs not affect the concentration of seium lipids 
of fasting lats or the blood lipid concentration following the oial administia- 
tion of butter fat. 

Xanthine injections exert no demonstrable effect on the degree of ketoneniia 
which results from staivation. 

We gratefully acknowledge our indebtedness to the John and Mary R. 
Markle Foundation for a lesearch grant in aid of this general lesearch. 
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The action of the digitalis glycosides on the embryonic chicK heart has 
alieady been de^jcribed (1, 2 , 3, 4) The results indicate that this preparation 
may offer certain ad\ antages foi purposes of bioassay and for the study of the 
lelationship between chemical structure and cardiac action With this in 
Mew, the potency of the following pure crystalline glycosides and genins was 
studied and a procedure is proposed for their quantitative comparison 
lanatosides A, B and C, K-strophanthoside, con\ allatoxin and all of the 
products of their hydrolysis, that is, digitovin Merck, digitahne Nativelle, 
gitoxin, digoMn, K-strophantliin-iS and cymarm, and the genins, digitoxi- 
genin, gitoMgenin, digo\igenm and strophanthidin 

PROCEDURE 

Embryonic chick hearts of 48 hours development (about 50 hours incubation) were 
dissected out and placed in drops of Tyrode solution containing the desired concen 
tratiou of the drug to be studied 'Ihc Tjrode solution hid the following percenfago 
composition \aCl 0 8 KCl 0 02 CiClj 0 02 MgCI, OHjO 0 01, NaHjPO, 0 005, and 
LaHCO* approximately 0 028 to give pH 7 4 The solution was placed in the well of a 
slide on the stage of a tnicrostopc which was mounted in a chamber maintained at 
38to39®C The well was covered during the experiment to prevent eaaporation and the 
lime from immersion of the heart »n the solution until the first appearance of cardiac 
irregularities %\ns measured with a stop watch Atno ventricular block was in the 
great mnjoiit\ of instances, the first event giving e\idcncc of the action of the drug on 
the heart Occasionally however dropped beats or diastolic arrest occurred first and 
in such cases these were taken as the end point Witli continuous observation the end 
point 13 quite sharp its leproducihihtj will be discussed below A senes of concentra- 
tions were chosen with which cardiac irregularities appeared on tlie avenge within the 
range of three to ten minutes t sually about 20 hearts were used for each of four to six 
concentrations of the drug Stock solutions of the gl j cosides* and getuns w ere made up 
in 93 per cent alcohol These concentrations were so chosen that never more than two 
Dcr cent alcohol remained upon dilution with Tyrode solution C ontrol experiments 

* Gitoxin was an exception and could only be brought into solution by warming 25 
mgm with 100 cc of alcohol containing 30 per cent gly cerol for 24 hours at CO'C One 
to 190 was the least dilution of thisstocl solution used 
211 
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showed that Tyrodo soluiion containing two per cent of alcohol (or glycerol) had no 
discernible effect on the hearts. Control experiments also showed (2) that many hearts 
could be poisoned by the same drop without diminution in the required time. A con- 
stant concentration gradient may therefore be assumed. 

< 

RESULTS AND DISCUSSION 
General 

Many of the variables inherent in either the frog or cat method of assay 
are eliminated by use of an isolated heart. Specifically the following sources 
of variation within an assay or between drugs are present in the method of 
Hatcher and Brody or its modifications: (f) the use of an arbitrary rate of 
infusion or of an arbitrary^ duration of life, {£) the use of an anesthetic and 
(5). the various possible causes of death, e.g., s3^stolic arrest, ventricular 
fibrillation and so forth. For the methods using the intact frog we have, 
(1) the absorption of tlic drug from the lymph sac or muscle, (2) the use of an 
arbitrary environmental temperature and (3) the possible differences in 
response between the cold and warm blooded heart. The effect of the sys- 
temic circulation on the drug is, of course, operative in both the cat and the 
frog assay. This source of \'ariation obtains also in man and it would there- 
fore seem undesirable to eliminate it. Nevertheless it udlJ be seen that this 
factor appears not to affect the significance of the results obtained with the 
chick heart. Xatu rally these arguments apply with equal force to any 
isolated heart but the embryonic chick heart seems to be the only preparation 
of this kind with sufficient economy of time and materials to make a statis- 
tically significant number of experiments feasible. It might be added that 
the mechanical and traumatic factors which are inherent in methods using 
older hearts are also avoided to a considerable extent. Furthermore the end 
point for the embryonic lieart method is not the death of an animal, which, 
even under carefully controlled conditions, may be due to a summation of 
causes, but rather to the appearance of atrioventricular block. Since it 
has been shown (1), that no differentiated conducting tissue is present in a 
48 hour lieart, it may perhaps be assumed that the end point is the result of 
the direct cardiotonic action of the drug on the ventricle. Thus the end 
point depends upon that property of the digitaloids which is most important 
with respect to therapeutic use (5). 

Calculaltons 

Tlie original data in terms of time and concentration are too voluminous 
to report in detail since about 1800 hearts were used in the investigation. 
Therefore the most logical procedure seemed to be to fit the results to an 
appropriate equation and express the action of each drug in terms of its 
parameters. It was found empirically that the time required for the aj> 
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pearancc of irrcgii Ian ties of tlie heart was a linear function of the dilution, 
that IS, the data approximatclj fit the equation 

{t - C) - K{l/C) U) 

where t' is the intcicept on the time axis and signifies the minimum time for 
an effect no matter how high the concentration, t is the elapsed tunc from 
immersion of the heart until the appearance of the end point, 1/(7 is the dilu- 
tion of the drug in Tyrode solution and K is the slope and is a measuie of the 
reciprocal of the potenej It might be pointed out here that for 10 of the 
15 drugs studied, \aried within the fairly narrow limits 1 2 to 1 6 minutes 
with extremes of 0 8 to 1 9 minutes Bj analysis of the distribution of the 
individual time aalucs within concentration groups it was found that the 
frequency cur\e is asj metric especially at high dilutions 
Tnals AMth other functions shoAved that, AAith the exception of the highest 
concentrations, the data fit the expression 

10^0 = 1/t (2) 

equally well In this case o is the intercept and b is the slope of the linear 
function 

y = a + b log C (S) 

which IS equivalent to equation (S) Here y equals log 1/t As would be 
expected, these curves flatten out sharply at high concentrations since a 
finite minimum time of about minutes is required for an effect at any 
concentration The concentration at w hich this flattening occurs thus is due 
to the same phenomenon which results in the time intercept, obtained by 
use of equation (/) 

Equation (S) was adopted as a basis for the treatment of the time conccn- 
tiation data in this study It has been recommended by Clark (6) and has 
a number of advantages Most important is the fact that the values of y 
are more symetricallj distiibuted about the mean than are the time values 
Furthermore the data for the \ arious drugs may now be expressed m the form 
of parallel lines and the log ratio of the potency of any two drugs will be given 
their horizontal distance apart An inherent property of this proce<lure 
that the slopes of the lines are independent of the units m which time and 
concentration are expressed Similar mathematical ticatment has been 
Worked out by Bliss and co workers for a wide variety of bio-assays involving 
dosage-mortahty and dosage response data (7, 8, 9) As noted above the 
concentrations were selected so that the end points appeared within 3 and 10 
minutes The lowei time limit was adopted to avoid the flat portion of the 
curve The upper limit is arbitrarj and was chosen as the time bej ond which 
the spread of the measured values becomes excessive 



214 


A. C. DE GRAFF, G. H. FAFF AND R. A, LEHMAN 


In figures one to four are given the calculated regression lines for the drugs 
studied according to their chcniicall y related groups. In table 1 the chemical 
relationships are reviewed and the values are given for log C (concentration 
in moles per liter X y (mean log 1000/t with time in minutes) and the 
niinihcr of experiments at each concentration. The statistics which seem 



Fia. 1 



Fig. 2 

useful are given in the tabic as follows: (<r) the standard deviations arc 
listed for the distribution of the measured time values within concentration 
groups and are found to be somewhat greater at low than at high concentra- 
tions. In column (a) the ?/-intercepts for the regression lines are given in 
order to define the curves in figures one to four. In so far as the data arc 
strictly defined by equation (f), the slopes or regression coefficients calcu- 
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lated on the ba^^is of equation (5) -will equal unity and equation {2) will 
then cease to be exponential in form The \ alues obtained for the slopes 




are given m column (6), and lange ^\ifh one exception from 0 607 to 1 102. 
By calculating 


^ _ difference between the slope and unity 

standard error of the difference ^ 

as dcsciibcd bj Tishci (10), it was found that tlie slopes for only six* out of tlie 
15 drugs differ significantlj from unit> B> a similar test at appeared that 

* Indicated by a single astensk m table 1 
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TABLE 1 

Chemical relationships of the glycosides and genins and summary of time-concentration data 




vneo 

ESIPIKIC 

ronMULA 

Lanatoside A 

C4*H780i» 

-glucose 
-acetic acid 


r ^ ....... 1 



Digitoxin Merck C 


Digitalinc 
Nativclle 
I -3 digit oxose 


Digitoxigenin CjjHjiOi 374 



Lanatoside B 
I -glucose 
I -acetic acid 


vahiancb hatio 
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T\BLE Concluded 



RMPIRIC 
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•1 
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§5 

h « 1 
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feaS 1 
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0 

5 

M 

U 

1 
■< 
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^logC 

' 1/ 


<9 

a 

6± »» 

F 

Digoxin 

CiiHiiOM 

780 

2 430 

I 915 

49 

0 243 





-3 digitoxose 



2 730 

2 155 

17 

0 233 








'2 857 

2 230 

■20 

0 ]33i 








3 032 

2 345 

20 

0 136 


1 



■ 



3 236 

2 450 

47 

6 134| 

0 312 

0 667^^0 069* tj 

0 27 

Digoxigenm i 

' C„H„0, 

m, 

4 108 

2 235| 

18 i 

0 362 








4 179 

2 420 

22 1 

0 20S 








4 233 

2 574 

'll 

0 148 

-S 75 

2 67 ± 0 687*t| 

0 15 

K-Stiophanthoside 

C«HmOh 

S72 

2 479 

1 970, 

21 

0 22S 





' -glucose 



2 CSS 

2 122 

13 

0 214 








2 780, 

2 227| 

20 1 

0 097 


1 



1 



2 006 

2 331 

16 

0 201 




J 

1 



3 OSl 

2 494 

23 

0 121 

-0 213 

0 877 ± 0 083 , 

0.10 

K-Stropbantbin ^ 

C«H„0» 

710 

2 C7J 

2 075 

18 

0 186 


1 


1 

1 -glucose 



2 848 

2 222 

17 I 

0 112 


1 






2 975 

2 339 

17 

0 195 




1 

i 



3 149 

2 6I6 

17 

0 119 

-0 294, 

0 921 d= 0 107 1 

0 09 

Cymarm 


548 

2 171 

2 054 

20 

0 242 

i 




-cymarosc 



2 472 

2 352 

20 

0 154 








2 597 

2 379 

15 

0 140 








2 772 

2 539 

15 

0 117 








2 970 

2 667 

7 

0 083 

0 40?! 

0 76S±0 076* 

0 73 

Strophanthidin 

Ci,H«0, 

404 

3 046 

I 90S 

27 

0 252 








3 348 

2 303 

44 

0 30i 





-rhamnose 



3 472 

2 305 

IS 1 

0 181 








3 650 

2 457i 

16 

0 223, 

-O 878 

0 930 ±0 129 

2 60 

Convallatoxm 

C„H»0,o 

550 

2 260 

2 101 

15 ; 

0 149 








2 357 

2 104 

18 

0 111 








2 481 

2 360 

19 

0 m 








2 657 

2 4S5 

18 

0 114 








2 863 

2 573 

17 

0 070 

0 342] 

0 793 ±0 059* 

3 17 


* Dexiates significantly from unitj 

t Peviates significantly from tlie weighted mean slope, 0 814 
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the slopes of four® of the 15 drugs dcv'iatc significanti}’' from the \\eighted 
mean slope of the series, 0.814, calculated according to }31iss (9). Qualitative 
identity in the mechanism of action of these latter four gl^'^cosides must 
naturally be regarded with some suspicion. There was, however, no ap- 
parent relationship between slope and potency or slope and chemical sfruc- 
tuie. In the last column {F) as a test of linearity the variance ratio was 
calculated as follows; 


variance du e to lack of linearity 
variance within concentration groujjs 

TABLE 2 


Conccnlralton ratios for the glycosides and genins 


DRcro 

nATio or co^cENTRA■^o?f or 
onoa TO that or the corues- 

rOVDING PROOENIN FOB END 
POINT AT CONSTANT TIMP 

(recipbocal or potency 
ratio) antiloq or m 

LI&HTS rOR ODDS OF 21 IN 22 
ANTILOG or M ± 2s^, 
EXPRESSED AS PERCENT- 
AGE OF M 

Lanaloside A 

1.00 

88-112 

Digitoxin Merck 

1 


Digitalinc Nntivcllc 

0.99 

88-113 

Djgitoxigenin 

8.91 

88-116 

Lanatoside B . 

1.77 

82-123 

Gito\in 

1 


Gitoxigcnin 

37.0 

85-118 

Lanatoside C 

1.^5 

84-119 

Digoxin 

1 


Digoxigcnin 

11.7 

7S-129 

K-Stropbanthoside 

2.50 

86-110 

K-Strophanthin-/3 

2.85 

86-116 

Cymann 

1 


Strophanthidin 

9.03 

82-122 

Convallatoxin 

1.00 , 

88-113 


The degrees of fieedom used in entering Snedecoi’s table of (11) vill 
then be: to equal to two less than the number of concentration groups, 
for the numerator of equation {5)\ equal to the number of time values 
minus the number of concentration groups, for the denominator, llie 
variance ratios for digitoxin Merck and convallatoxin will be seen to lie 
between P = 0.01 and P = 0.05. In view of the good vaiiance ratios (P > 0.05) 
obtained for the other 13 drugs, the justification for i elating the variables 
linearly w'ould seem to be ample. 

In table 2 the most probable value is listed for the latio of the concentia- 

3 Indicated by a dagger in table 1 
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tions of eith of the dings to its piogenin foi the appeal ancc of the end point 
at constant time (antilog of M) The weighted mean slope foi the dings m 
anj group was used for the compaiison within tint group Ihc range, 
antilog of M 2s\{, expressed as peicentage of the concentration latio is 
al&o given in the table This, icprc&ents the limits within which will fall 
21 times out of 22 


Significance of time 

Anj statement as to the meaning of the measured time \ aluas must neces- 
sarily be speculative It seems likely tint the initial lag before visible action 
begins regardless of concentration lepiescnts, among othei factors the time 
necessary for mechanical diffusion of the ding throughout the tissue The 
consistent values obtained foi this lag with all the drugs studied (t' = about 
I 2 minutes) indicates that during this initial period the glycosides and genins 
are behaving non specific all) The latter poi tion of the measured time inter- 
vals probablv depends upon a summation of effects In view of recent work 
(13, 14, 15) which has emphasized the influence of the digitaloids on cell 
permeability to electroly tes, it is possible that a majoi part of this summation 
IS the time required for the duig to produce a sufficient alteration m the 
electrolyte balance to giv e rise to the end point The potency of the various 
glycosides might then stand in diiect relation to then ability to cause the 
necessary membrane effect 

Significance of chemical slruclure 

The general stmeture of the cardiac glycoside>> and genins used in this study 
IS as follows (16) 

CHj— C==0 



lu which R^ represent successive monosacchaiide units of which lit nt 
least, 15 always a dcsoxy sugar The influence of chemical structure on 
cardiac action will be considered under three headings, (f) influence of the 
substituent groups on the steroid nucleus (3) Influcm.e of the dcsovy sugars 
ind (5) influence of glucose 
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(/) The variations in the structures of the four genins are given in tabic 3. 
The evidence is consistent in showing that the unsaturated butyro-Iactone 
ring on 017 is essential for the characteristic action of the cardiac glycosides 
and the effect of various modifications of this ring has been determined by 
Chon and Eldcr/icid (17). The importance of the sugars has also been empha- 
sized, but the literature is not conclusive as to the influence of the substituent*? 
on the steroid nucleus. Fiom table 3 it will be seen that the concentrations 
of the four genins causing an end point at constant time stand approximately 
in the order, 1 (digitoxigenin) : 1 (strophanthidin) :4{digoxigenm): 11 (gitoxi- 
gonin). A large enough scries of the genins was not available to permit any 
conclusions as to the relative importance of the particular substituent groups. 
It is evident, however, that substitution on the nucleus is capable of producing 
piofotind changes in tlic potency of the genin for the embryonic lieart. Such 
marked differences are not shown by the cat assay for which the ratios in 
terms of mols per kgm. for the four genins arc 1 :0.7: 1:1.5 in the same order 

TABLE 3 


Variations in the structures of the genins (16) and comparisori bp the embrponic chick heart 


acHis 


CONCEN- 
THA TTOX 

RANGE 



1 C-5 

C-10 

G-14 

C-16 

RATIO 


Digitoxigenin 

1 OH 


CH, 

OH 

H 

M 

1 

,V±2j„ 

Gitoxigenin 

: OH 


CH, 

OH j 

OH 



Digoxigenin* 

OH 


i CH, 

? 

? 

4 20 

81-123 

Strophanthidin . 

OH 


CHO 

OH 

H 


81-124 


* Digoxigemn bears three OH groups of which one is on C-3. The positions of the 
other two have not been determined. Digoxigenin and gitoxigenin are isomeric. 


as above. The first three genins were assayed by Chen (18) and the last by 
Fromherz and Welsch (19). On the other hand, wide variations in potency" 
have been reported for these genins by the intact frog assay (18) and the 
isolated frog heart (20). 

(£) From table 2 it v'ill be seen that tlie enhancement of the activity of the 
genins of digitalis {lanata or purpurea) by combination with three molecules 
of digitoxose lies in the order, 9-foId for digitoxin, 37-foId for gitoxin and 
12-fold for digoxin. So far as is known the structures of these three progenins 
bear an identical relationship to their respective genins. By consideration of 
tlic data on the genins in the foregoing paragraph it may be tentatively con- 
cluded that the weaker the genin, the greater will be the enhancement of its 
activity on conjugation with desoxy sugar. This conclusion is further borne 
out by the strophanthus glycosides. Thus strophanthidin, which is equal in 
potency to digitoxigenin, is also enhanced 9-fold by conjugation with either 
cymarose or rhamnose to give cj^marin or convallatoxin respectively. These 
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lattci obsen ations lead to the conclu'^ion that the nature of the deso\j sugai 
IS of little or no importanct m determining acti\ itj This conclusion m as pre- 
dicted b} Ficser and Jacobsen (21) who state “ the early information 
indicated tint the nature of the ‘sugar residue is of rclatuel} httlc importance 
in determining the potency of the gl^ co&idic heart poisons in general It is, 
therefore, surprmng that convallato\m posses‘!os considerably greater physio- 
logical actn itj than c\ marm the cat and frog units being reported as 0 08 
mgm per kilogiam and 0 00021 mgm per gram for the rhamnosidc and 0 13 
mgm per kilogram and 0 OOOGO mgm per gram for the cymaroside ” It 
IS evident that this difference in the potency of cymann and convallatoxin, 
when determined m the cat oi the frog, is due to the multiplicity of factors 
affecting these methods of as&av The chick hoai t procedure, w hich indicates 
that these two glycosides arc of identical potency, would then seem to be 
fundamentally simpler, and therefore more useful than methods requiring 
intact animals, for the purpose of studying the effect of structural modifica- 
tions on cardiac action This of course implies that the results can be corre- 
lated with tho'^e obtained in man, a point which w ill be discussed below 

(3) Of the five glycosides containing glucose, lanatosides A, B and C, K- 
Strophanthin /? and K-Strophanthoside, all but one arc weaker by 30 to 65 
per cent than the corresponding progemns while lanatoside A is equal to its 
piogenm * The question arises as to v^hether this decrease in activity result- 
ing from the introduction of glucose in position Rt (in the case of digitoxin, 
gitoxin and digovin) or R 2 (in the case of cymarin) is due to the inherent 
difference between glucose and the deaoxy sugars or simply to the position 
which it takes up m the molecule It seems probable that the former is the 
case, since (a) glucose added to one desovy sugar unit as in K-Strophanthm-/3 
pioduccs roughly the same effect as when added to three digitovose umts as 
in lanatosides B and C, and since (6) there is no significant change in potency 
when an additional molecule of glucose is added to K-Strophanthin-;3 to give 
K Strophanthoside The answer to this question will depend upon the 
•sviithesis of glucosjdes of the various genins and the determination of their 
activity as compared with the rhamnosidcs, cyTuarosides and digitoxosides 

Appheahon to bto-assay 

It should be stated at once that it is not intended that the embryonic heart 
method should be used to establish a *‘chjck umt" for digitalis assay 
AMicther or not it may be of semce m comparing unknown with standard 
preparations mnv be judged fiom the con‘?iderations which follow 

^^hile the use of a “relative” method, in\olMng comparison with a widely 
accepted standard preparation, eliminates errors due to variations in pro- 

* Quite the opposite is true for the cat assay results Almost without exception the 
“genuine" glycosides are more potent m terms of moles per kgm than their 
progemns (22) 
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ceciurc between laboratories and due to seasonal or other variations in experi- 
mental animals, it depends inhcrcntl}' on the qualitative identity of action 
of each of the drugs which enter into the comparison, whether galenical prepa- 
rations or pure glycosides are to be compared with the same standard. The 


TABLE 4 

Comparison of the ihcrapcultc dose of the individual glycosides iviih bto^assay data 


OLTCOSIDD 

i TDTAV 
DOSE 
OEALLr 
Fon 

DIGITAL- 

IZATION 

MAINTENANCE DOSE 
on ALLY 

LETHAL DOSE FOU CAT, 
HATCHER AND DRODY METHOD 

1 

arsTOLic dose for 
FROG (u. S. P.) 

Digitaline 

nntivcJIe 

wpm. mgm. 

1.0-E25 0. 1-0.2 (Gold, 20) 

mam, per 

Jcffm. 

0.42 (Gold, 26) 

0.47 (Fromherz and 
Welsch, 20) 

mgm. per 
kgm- 

4.0 (Gold, 26) 

Digoxin 

3 -5 

0.4 (Stroud, 27) 
0.5 (Batterman, 
28) 

0.22 (Chen, IS) 

0.33 (DcGraff, 23) 

0.44 (White, 29) 

2.5 (Chen, 18) 

Lanatoside 

C 

7.5-15. 

6.25 

1.5-2. 5 (Gold, 30) 

0 25 - 1.25 (Fahr, 
31) 

0.25 (Gold, 30) 

0.2S (Rothlin, 32) 

0.26 (DeGraff, 23) 

1.6 (Gold, 30) 


TABLE 5 

Ratio of dosage (or concentration) of glycosides expressed in moles to digitaline nalivelle 
hy various methods of deter minalion 


DRUG 

DIOITALIZ- 
INO DOSE 

IN MAN- 
ORAL 

maintenance dose in • 

MAN— oral 

CAT intra- 
venous 
(average) 

FROO 

lymph 

SAC 

embryonic chick 

HEART WITH 
RANGE IN PER CENT 

Digitaline 

1 

1 (Gold) 

1 

1 

I 1 

nativelle 






Digoxin 

3.5 

2.6 (Stroud) 

3.3 (Batterman) 

0.73 

0.61 

3.07 (87-115) 

Lanatoside C 

7.8 

10 (Gold) 

0.45 

0.31 

4.50 (87-115) 


4.3 

3.9 (Fahr) 





evidence is conclusive (19, 23, 24) that this requirement is not met in the case 
of the components of digitalis leaf or of the pure glycosides when administered 
by lymph sac or intramuscular injection in the frog or intravenous injection 
in the cat. The reason for this may be found largely in the great variation 
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HI the rate of dis'^ipation of the lethal effect of the se\eral glj cosides (23, 24) 
It has been demonstrated (25), foi instance, that a high rate of intra\ enous in- 
fusion in the cat will give rise to a smaller lethal dose for digitoxigenm and a 
greater lethal dose for digitovin than is obtained w ith a slow rate In other 
words, drugs which dissipate rapidl} are favored bv being introduced into the 
blood stream more rapidly than the organism can handle them The frog 
methods are further complicated b> variations in rate of absorption but it 
•seems hkelj that in both procedures the more rapidlj dissipated drugs are 
giv en undue vv eight in the final result Use of an isolated heart ov ercomes all 
variation due to this factor since no dissipation can occur except that brought 
about by the chemical processes m the heart itself If the phenomenon of 
“cumulation” of the glj cosidcs depends upon fixation by the heart, then it is 
not improbable that those drugs which arc most rapidly dissipated m the in- 
tact animal w ill require the longest time (or conv erselj the highest concen- 
tration) to produce atrio-v cntricular block in the isolated heait 

The \alidity of the above argument rests on the comparison of the results 
of the various methods of assaj w ith the clinical dosages of the pure individual 
gl 3 cosides Unfortunately the chnical data available at present are frag- 
mentary Jvevertheless the ordei of magnitude of the therapeutic dose is 
knowTi for a sufficient number of drugs to make certain preliminary conclu- 
sions possible In table 4 are given data, taken from the literature, for the 
human and animal dosage of digitalme \ativelle digoxm and lanatoside C 
From this information the average ratio of dosages of the last tv\o drugs to 
digitalme Nativelle have been calculated and appear in table 5 It should be 
noted that inoU hav e been used m every case instead of mgm This influences 
the absolute values somev\hat but not the correlation between therapeutic 
and bio-assa> dosage It w ill be seen from table 5 that for these three drugs 
the order of magnitude of 4he chnical dosage ratios is the same as the concen- 
tration ratios for the embry onic chick heart The ratios obtained by the cat 
and frog assay on the other hand do not even lie m the right direction Thus 
lanatoside C and digoxm are both more potent than digitalme Nativelle for 
the cat and frog but much less potent when administered orally in man 

suvniARx 

1 A procedure has been d&scnbed for the comparison of the digitaloids 
vnth respect to their ability to produce atrio-v entncular block in the embry- 
onic chick heart This preparation has been shown to offer a number of 
theoretical and practical advantages over those in general use A method 
for expressing the re«:ults has been suggested 

2 Fifteen chemically related cardiac glycosides and genins have been 
studied by the chick heart procedure and the following tentative conclusions 
have been reached as to the influence of various structural configurations on 
cardiac action (o) all other factors being constant, variation m the substitu 
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onts on the steroid nucleus is capable of causing profound changes in activity; 
(6) the desoxy sugars give rise to marked enlianccment in the activity of the 
genins, the weaker the gcnin the greater the enhancement, and this effect 
seems not to depend on the nature of the particular desox^' sugar; and (c) 
conjugation with glucose in addition to desoxy sugar never increases the 
potency of the gl3^coside and usually decreases it significant!}'. 

3. The results obtained with the embryonic chick heart for digitaline 
Xativelle, digoxin and lanatosidc C have been shown to correlate at least in 
order of magnitude, with the oral therapeutic dosage. On the other iiand, 
the values for these three drugs by the cat and frog methods bear no apparent 
relationship to the clinical dose. The possible reasons for this have been 
discu.sscd. 

The authors wish to express their thanks to Dr. C. I. Bliss, Consulting 
Biometrician, and to Dr. E. ,1. DcBccr of Bun*oughs Wellcome and Company, 
Inc. for their helpful criticism of the manuscript, and to Dr. K. K. Chen of 
Eli Lilly and Company, Dr. Guy W. Clark of Lederlc Laboratories, Inc., Pro- 
fessor Louis F. Fieser of Harvard University, Dr. Charles Henze of Sandoz 
Chemical Works, Inc,, Dr, W, A, Jacobs of tlie Hockefeller Institute for Medi- 
cal Research, Dr. Robert C. Page of Burroughs Wellcome and Company, Inc., 
Dr. E. M. Rothenberger of Sandoz Chemical Works, Inc., and Mr. Cl 3 ’de G. 
Williams of the Laboratory Nativelle for their kind cooperation in supplying 
the gl 3 'cosides and genins without which this study would haA'e been impos- 
sible. The expenses of the investigation were defrayed, in part, by a grant 
from the John and Mary' R. Markle Foundation. 
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Of the various glycols studied thus far, propjlene glycol is the onI> one 
^\luch IS relatively non toxic and therefore useful as a solvent and vehicle for 
medicinal and food agents (1, 2, 3) The isomer of propylene glycol has not 
been previously investigated and nothing is known about its actions or pos 
sible toxicity Since trimethy lene glycol is isomeric with propylene glycol 
it was thought desirable to deteinune similarities in, or differences between, 
these two compounds This lepoit presents the results of such a study and 
shows that trimethylene givcol ib entiiely different pharmacologicalh from 
piopylene ghcol 


PKOPERTIES OF TIlTMETHVLENE GL'iCOU 


The chemical relationship between the propylene and trimethy lene glycols 
is indicated bv the following stiuctuial formulas 


CHOH 

CHaOH 

Propylene 

Glycol 


CHsOH 

C!H2 

in. OH 
Tnmetbylene 
Glycol 


Both compounds are closely related to naturally occurring body constituents 
such as glycerol, lactic acid and methyl glyoxal Piopylene glycol is con 
verted to lactic acid and hence is burned or converted to glycogen (4) By 
analogy, it might be expected that trimethy lene glycol would be converted 
physiologically to malonic acid Since malonic acid forms an insoluble cal- 
cium salt a somewhat lugher toxicity might be expected from trimethylene 
gly col than from propy lene gl\ col and this w as found to be the case 
Trimethylene gly cob is a vascoub liquid which boils at 123 to 125®C at 
30 mra pressure When freshly distilled it is colorless, but it rapidly becomes 


* The tnmethylene glycol waa obtained from the Eastman Kodak Company, Rocb' 
ester, N 'i 
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yellowish brown even when kept tightly stoppered in a dark bottle. The 
boiling point apparently does not change. It has a brackish, irritating taste, 
and the solvent and other properties cojnmon to glycols. 

ACUTE TOXICITY 

The criterion of acute toxicity was the rapidly fatal dose of trimethylene 
glycol according to different routes of administration in different species of 
animals. 

Intravenous injection, A 50 per cent solution of trimethylene glycol in 
water was injected into the marginal ear veins of 19 rabbits, at least 3 rabbits 
being used for each dose tried. The surely fatal doses (which killed all of 6 
rabbits injected) were 6 and 7 cc. per kilogram; 5 cc. per kilogram killed 60 
per cent of 5; 4 cc. per kilogram killed 40 per cent of 5; and 3 cc. per kilogram 
was not fatal to 3. Accordingly, the 50 per cent fatal dose would be between 
4 and 5 cc. per kilogram, which was the same for propjdene gl 3 ToI in the same 
species (1), 

Intramuscular injection. Whole trimeth 3 dene glycol was injected into the 
gluteal musculature of 42 white rats, at least 4 animals being used for each 
dose tried. Surely fatal doses, which killed all of 9 rats injected, were 8 and 
9 cc. per kilogram; 7.5 cc. per kilogram killed 75 per cent of 8 rats; 7 cc. per 
kilogram killed 80 per cent of 5; 6 cc. per kilogram killed 40 per cent of 5; and 
3 and 5 cc. per kilogram were not fatal to any of 15. Thus the dose for 50 
per cent mortalit 3 ^ would be between 6 and 7 cc, per kilogram, which would 
indicate that trimethylene glycol is about twice as toxic as prop 3 dene glycol 
b 3 ’' the same route in the same species (1). 

Gastric administration. Undiluted trimethylene glycol was administered 
gastricall}’' with the aid of a suitable metal tube to 132 rats, in doses from 1 
to 19 cc. per kilogram body weight. At least 5 rats were used for each dose. 
Surely fatal doses were 18 and 19 cc. per kilogram in 10 rats. Fifty per cent 
mortality in 6 rats was produced by 16 cc. per kilogram. However, 15 cc. 
per kilogram killed 64 per cent of 11 rats; 17 cc. per kilogram killed onl 3 ’’ 40 
per cent of 5; 10 cc. per kilogram killed 47 per cent of 15; and doses of 11, 12, 

13 and 14 cc. per kilogram killed only from 10 to 18 per cent of 6 to 11 rats 
in each group. Xo rats were killed with doses of from 1 to 9 cc. per kilogram 
among a total of 51 animals. The considerable variability in toxicity on 
oral administration might be expected because of the known variability in 
gastrointestinal absorption even under the most favorable conditions. Food 
had been withdrawn for 24 hours in all the rats used for gastric administra- 
tions. According to these results in rats, gastric toxicity of trimeth 3 dene 
glycol is about twice that of propylene glycol, in agreement with the results 
of intramuscular injection. 

In cats, jt was almost impossible to determine the fatal dose accurately. A 
singl^ administration of 3 cc. per kilogram to 3 cats produced no 
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demonstrable effect within 48 hours On the third day the animals refused 
to eat but craved water Immediately after drinking vater they vomited, 
they graduallj lost weight and died within a veek Ten other cats were 
gi\ en tnmethylenc glj col in doses of from 1 to 48 cc per kilogram as smgle 
or multiple doses Doses of 1 cc per kilogram were survived bj 2 cats, but 
the remaining 8 cats died in from 1 to 16 da>s after receiving doses of 3, 5 and 
15 cc per kilogram Multiple doses ranged from 2 to 16, but there was no 
relationship between multiplicity of dosage and surmal time of animals, nor 
indeed between the total amount of the glycol given and surviv al time 

Cats are apparently rather sensitive to trimethylene glycol Gastric doses 
of 3 cc or more per kilogram weie found to be fatal for all cats, but intrave> 
nous and intramuscular doses of 3 cc per kilogram were not fatal to any 
■\Miether death from gastric administration was due to the tnmethylene glycol 
directly, or was the result of anorexia and starvation, was not determined 
The lack of symptoms, and absence of pathological changes in the stomach, 
grossly and microscopically , suggest starvation, at least m the delayed deaths 
The procedure of gastric administiation could not have been responsible for 
any gastric intolerance or toMCity, since the same procedure gave high 
tolerances of propylene glycol Giving to other unfavorable results it was 
not deemed worth wlule to continue further with this phase of the 
investigation 

The systemic symptoms from near fatal doses of tnmethylene glycol, and 
before death from fatal doses were depression in all animals regardless of the 
method of administration, thus resembling propy lene glycol in high doses 

CHRONIC TOYICITY 

Seven groups of 5 rats each were maintamed for 15 weeks on a stock diet* 
with additions as follows Group 1, control diet alone, group 2, control diet 
contaimng 5 per cent tnmethy lene glj col, group 3, control diet containing 12 
per cent tnmethylene glycol, group 4, control diet plus 10 cc water per kilo- 
gram daily by stomach tube, group 5, control diet plus 10 cc propylene 
glycol per kilogram, daily by stomach tube, group 6, control diet plus 5 cc 
tnmethylene glycol per kilogram, daily by stomach tube, and group 7, control 
diet plus 10 cc tnmethylene glycol per kilogram, daily by stomach tube 
The food intake and body weight of all the animals were recorded weekly 
The results are presented graphically in figure 1 

Of the 7 groups of rats, 3 groups showed definitely diraimshed grow th rates, 

*lhe constituents [of this diet are as folloiva com meal 6S per cent linseed oil cake 

10 per cent, dried ground alfalfa 2 per cent, powdered casein 10 per cent, lard 5 per cent, 
cod liv'cr oil 3 per cent, bone ash 1 5 per cent, and sodium chlonde 0 5 per cent The 
composition and calonc value were as follows protein 18 6 per cent (19 4 calories) fat 

11 8 per cent (26 9 calories), carbohydrate 51 5 per cent (^7 calones), roughage 3 5 
per cent salts 3 9 per cent and water 10 7 per cent 



230 


W. VAN WINKLE, JR. 


3 grew normally, and 1 grew slightly less than normal. The 3 groups which 
grew at approximately normal rates were those on control diet and control diet 
plus water and control diet plus propylene glj’col by stomach tube. The rats 
in these 3 groups consumed the same average amount (15 grams) of food 
daily. The 3 groups which showed diminished growth rates all received 

GROWTH OF RATS RECEIVING 



Fig. 1. Growth of White Rats on Continued Administration ofTrimethtlene and 

Propylene Glycols 

trimethylene glycol, 2 groups receiving it in the diet and 1 receiving 5 cc. per 
kilogi*am by stomach tube daily. These 3 groups all showed a diminished 
food intake (10 to 11 grams daily) which probably accounted for the lessened 
growth rate. However, the trimethylenc glycol exerted an additional toxic 
action, since all the rats receiving 10 cc. per kilogram by stomach tube died 
at the end of 5 weeks. The group which received 5 cc. trimethylene gb^col 
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per kilogram dailj ate about as much food as the control unmedicated amraals, 
but sho^\ed a lessened gro\^th rate, particularly during the last 5 weeks At 
this time, 2 of the rats lost weight rapidly and died As compared with 
propylene glycol (2, 3), trimethylene glycol was about twice as toxic when 
given repeatedly to the same species and under the same conditions This 
agreed well with the results on the comparative acute tOMCity of these two 
compounds 


GMCOGENIC ACTION 

Forty rats of equal body weight were fasted for 48 hours and then given 
different doses of trimethylene glycol by stomach tube After 3 hours the 
rats were killed by a rapid inhalation of chloroform and the liver glycogen was 
determined according to the method of Pfluger (5) Ten rats each received 
3, 5, 10 and 15 cc per kilogram body weight of trimethylene glycol, and the 
glycogen content of their In er w as found to be 217, 237, 230 and 377 mgm in 
100 grams of hver, respectively Ten other rats similarly treated received 
10 cc per kilogram of propylene gly col and the hver glycogen was 1202 mgm 
in 100 grams of In er Twenty additional rats received 10 cc per kilogram 
of physiological saline solution, as controls, and the liver glycogen was 299 
mgm in 100 grams of liver Clearly only the propylene gly col increased the 
hver glycogen, m confirmation of previous results (3, 4) Accordingly, 
trimethylene glycol has no demonstrable glycogenic action, an interesting 
difference from propylene glycol, which must be ascribed to the difference in 
chemical structure 


SUMAIARl AND CONCLUSIONS 

1 Tnmethy lene glycol, the chemical isomer of propylene glycol, was found 
to be about twice as toxic as propylene ghcol according to acute fatal doses 
intramuscularly and gastncally in white rats Intravenously in rabbits, the 
acute toxicitv w as about the same as that of propy lene gly col 

2 Cats were found to be rather sensitive to trun ethylene glycol gastncally, 
delayed death hav mg occurred after single small doses of 3 cc per kilogram 
of body weight which were well tolerated intravenously and intramuscularly 
in rats 

3 Trimethylene glycol exhibited a definite chronic toxicity, being about 
twice as toxic as propylene glycol in the same species and under the same 
conditions 

4 Tnmethy lene gly col show ed no demonstrable gly cogenic action in rats, a 
striking difference from propy lene gly col 

5 Trimethvlcne glycol therefore has no usefulness as a vehicle or solvent 
in medicinal or food products and does not warrant further investigation 
Tlie higher acute and chronic toxicities, and absence of glycogenic action, 
indicate interesting fundamental differences between the trimethylene and 
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propyleae glycols ^vhic^^ are to be attributed to the difference in chemical 
structure of the 2 isomers, a difference which, in turn, determines the prac- 
tical usefulness and comparative non-toxicity of propylene glycol. 
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In a previous communication (1) the authors reported their findings on the 
anesthetic properties of cjclopropyl methyl ether, designated as cyprome 
ether Later its a\ ailabilitj as a surgical anesthetic in man was demonstrated 
(2) In the chemical investigations which led to the synthesis of cyprome 
ether, its three homologs, namelv, ethyl, propjl and butjl cyclopropyl ethers 
were prepared The purpose of these studies is to investigate the pharma- 
cology of the second member of this series of clopropj 1 aliphatic ethers, 
designated m this laboratorj as “c 3 ^preth ether " Its relationship to ether 
and cyclopropane is apparent from the following formulas 


CsH* 

CHs 

\ 


0 

CjHs— 0— C < 

/ 

i 


H 

Ethyl Ether 

Cypreth Ether 


CH, 


Cyclopropane 


Cjpreth ether is a \oIatile, colorless liquid, with a characteristic ethereal 
odor, it boils at 68°C and has a specific gravity of 0 780 at 25°C 
Obsenaiton anesthesias {monkey) Fi\e large Rhesus monheys were each 
anestheti 2 ed twice with cj^ireth ether The technic employ ed is described in 
detail in our previous communication (1) The induction period with cypreth 
ether was observed to be of short duration and frequently the monkeys passed 
into the plane of surgical anesthesia without appreciable struggle During 
induction, salivation was not marked and the bronchial tree remained quite 
free from mucus throughout the anesthesia Surgical anesthesia was un- 
c\ entful Breathing was often stertorous but deep and regular Relaxation 
of the musculature of the abdomen and extremities was complete Only 


‘ The expense of this investigation was defrtfjed m part bj a grant from the Ohm 
Chemical and Manufacturing Co of CJev eland, Ohio The authors are greatb indebted 
to Dr Amos G Homey of the technical stalf of this companj for making available com- 
parativeb Jnfge quantities of cj preth ether for us in the prosecution of these studies 
233 
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an occasional animal exhibited incoordinated muscular leg movements during 
anesthesia. Pain reflexes were abolished sidHciently for various surgical 
procedures such as abdominal and cervical incisions. Recovery from anes- 
thesias of 15 to 20 minutes duration was as prompt as when ethyl ether was 
employed. There was some excitation during the recover}’’ period, but less 
than with cyprome or ethyl ether. Incoordination of the extremities was 
observ^ed for 10 to 15 minutes after recovery. During these 10 anesthesias 
the quantities of cypreth ether employed were approximately one-half those 
required for the same anesthetic plane with cyprome ether. 

Anesthetic index (dog). The dogs used in these experiments were, as far 
as possible, of uniform weight. They were fed a standard laboratory ration 
during one week and fasted 12 hours before anesthesia. At least seven day 
intervals elapsed between anesthesias in the same animal. In a closed circuit 
the animal was permitted to breathe oxygen for 2 minutes. Two cubic 
centimeters of cypreth ether was then given, ejecting it from the needle of 
the syringe upon gauze contained in the mask. The mask was warmed to 
37®C. to facilitate the volatilization of the agent. Thereafter 0.5 cc, was 
administered each minute until surgical anesthesia occurred. The point at 
which the corneal and the vink reflexes were abolished, concomitant with 
relaxation of the extremities and abdominal muscles, was considered as the 
the beginning of the plane of surgical anesthesia. The anesthetic was ad- 
ministered at the same rate until the respirations of the animal were from 6 
to 10 seconds apart and the inspirations were too shallow to draw in oxygen 
from the rubber bag. This point was designated as respiratory failure. 
The number of cubic centimeters of the anesthetic agent required to produce 
surreal anesthesia was divided into the volume required to produce respira- 
tory arrest. The quotient was designated as the anesthetic index. 

In this series of 40 anesthesias with cypreth ether, only one animal suc- 
cumbed; all others were revived by artificial respiration. For comparative 
purposes experiments were conducted with ethyl ether, cyprome ether, vin- 
ethene and chloroform on these same dogs. All technics were the same udth 
the exception of warming the mask; this was not necessar}’’ vdth ethyl ether, 
cyprome ether or divinyl ether. With chloroform, the volumes were reduced 
one-half, oving to its greater density. 

These data are shovm in tables 1, 2, 3, 4 and 5. 

The anesthetic index of cypreth ether is 2.0 times greater than the index 
of eth}^ ether measured on these same dogs. The mean dose of cypreth 
ether required to produce respiratory arrest on a body weight basis is 1.2 
times greater than that required of ethyl ether. Our value for the anesthetic 
index of ethyl ether of 2.07 is higher on this group of animals than was our 
previously determined value of 1.76. Likevdse the value for cyprome ether 
is correspondingly higher. An examination of the data assembled indicates 
that within the error of this experiment the induction doses of cypreth ether 
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and di vinyl ether are the same, and when correction is made for the specific 
gravity of chloroform, the potency of cj^preth ether approaches that of 

TABLE 2 


Anesthetic index — ethyl ether 


DOG 

KtJMBER 

BEX 

wEiairr 

INDUCTION 

rebpiratort 

FAILURE 

ANESTHETIC 

INDEX 


■■ 

kum. 

ec./A?m. 

cc./fcflfn. 


1 


11.6 


2,24 

2.26 

2 


8.3 

1.38 

1.80 

1.30 

3 


7.3 

0.69 

1.50 

2.20 

4 

M 

5.8 

1.12 

2.60 

2.22 

5 

F 

6.8 

1.10 

2.06 

1.86 

9 


7.7 

1.04 

1.76 

1.69 

6 


5.7 

1.40 

2.36 

1.69 

7 ! 

mSM 

7.0 

0.78 

2.28 

2.91 

8 

F 

5.5 

0.91 

2.09 

2.30 

3 

M 

6.5 

0.62 

1.77 

2,87 

2 

M 

7.0 

1.07 

1.85 

1.73 

5 


7.1 

1.20 

2.10 

1,75 

9 


6.3 

1 0.55 

i 1.59 

2.87 

2 


6.8 

1.25 

2.21 

1.76 

S 

F 


1.00 

2.09 

2.09 

12 



1.08 

2.15 

2.00 

14 



0.78 

1.43 

1.83 

11 



1.11 

2.31 

2.08 

15 

M 

6.1 

1.15 

2.46 

2.14 

17 

M 

7.5 

0.93 

1.66 

1.78 

Mean 



1.00 


2.07 

tr 



0.23 


0.43 

c.v 



23.0 


20.8 


TABLE 3 

Anesthetic index — cyprome ether 


DOG 

number 

BEX 

WEIGHT 

INDUCTION 

respiratort 

failure 

anesthetic 

INDEX 



kgm. 

ec.fkgm. 

cc./kgm. 


16 

F 

8.1 

0.80 

1.91 

2,39 

13 

F 

5.1 

0.50 

1.57 

3.20 

9 

F 

5.4 

0.46 

1.48 

3.20 

18 

F 

7.8 

0.46 

1.41 

3.14 

19 

! F 

7.2 

1 0.42 

1 

1.32 

3.16 

Mean 


0.53 

1.54 

3.02 


chloroform. The data on the relative margins of safety are self-explanatory 
and are diagramatically shown in the median values in chart 1. 

Blood pressure studies (dog). The effect of cypreth ether on blood pressure 
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TABLE 4 

Ancsththc tndex—diiinyl oxide 


Doa 

MOUBGR 

fi£X 

nztcnr 

tNDDCTJOW 

RsanRAfOBY 
' pailcrk 

|. 

ANESTHmC 

iHXiXX 



ksm 

« /iffjn 

ce /kQtn 


3 

\I 

' CO 1 

0 42 

0 60 

1 40 

12 

r 

1 6 4 1 

0 30 

1 02 

1 2 60 

2 

' M 

1 7 0 j 

0 43 

1 0 86 

1 2 00 

8 

r 

i 5 8 

0 34 

0 69 

2 00 

10 

1 r 

1 7 0 1 

0 43 

1 00 

2 33 

14 

1 M 

7 4 

0 34 j 

0 9G 1 

2 SO 

11 

M 

5 1 

0 30 

0 88 

_ 1 

2 25 

Mean 

0 39 1 

0 86 

2 00 


7 ABLE 5 


Ancslheltc index — chloroform 


NUMBER 

erx 

1 1 

i wEtOHT 

WDOCTION 1 

i 

BESPlRATOnr 

failure 

ANCUrilCTlC 

index 



ksm 

! cc /Xgm 

ec fkgm 


18 

F 

7 4 

\ 0 14 

0 21 

1 1 50 

3 

M 

1 5 6 

1 0 18 

0 27 

1 50 

16 

F 

7 4 

0 14 

0 24 

J 75 

13 

F 

! 4 6 

0 22 

0 27 

! 1 25 

IS 

M 

1 5 5 1 

0 IS 1 

0 32 

1 75 

17 

M 

CO , 

0 15 

0 29 

2 00 

Mean 

0 17 

0 27 1 

1 62 


■■ — IndticT »r} 

~ Stfff Cat a 



CHAflT 1 AfEDIAV V AtUES ASE^TitETrc INDEX 


ufts determined bj cannulating the femoral orterj under procaine h\drochlo- 
rido anesthesia and preparing the animal for a blood pressure tracing m the 
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usual manner. The respirator^' tracings were made by means of a chest 
tambour. After a normal tracing, cypreth ether was administered by the 
same tcclinic employed to measure the anesthetic index. In six experiments 
the respiration ceased before cardiac arrest, and in one animal resuscitation 
was successful after JO minutes of vospivettory arrest. One animal was given 
the anesthetic and permitted to continue under surgical anesthesia for one 
hour. The amount of anesthetic agent was diminished so as not to induce 
respiratory failure. Portions of this typical tracing arc shown in chart 2. 
T.hc tracing in chart 2 shows a normal blood pressure and respiration during 
tlie iiour period of surgical anesthesia. 



Chart 2. Blood Pressure of the Dog Under Cypreth Kther Anesthesia 

The upper tracing is respiration. (/) is normal, (S) is the induction period, (3) light 
surgical anesthesia, (4) early surgical anesthesia (S) surgical anesthesia after J hour, 
(ff) surgical anesthesia after 1 hour. 

Ekclrocordiogram studies {monkey). Seven Rhesus monkeys were anesthe- 
tized with cj^preth ether and maintained at the surgical level for 10 minutes. 
Just prior to anesthesia and during surgical anesthesia electrocardiograms 
were made. Fiv'e of these animals had been anesthetized repeat ed^v and in 
two, this anesthesia was the initial experiment. 

Examination of the electrocardiographic records obtained in this scries 
under normal conditions and under deep surgical anesthesia reveals no signif- 
icant differences either in the form of the E.C.G. or in its regularity. In most 
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cases there -was a slight increase m lato during ancstlioia although in two 
eases no change occiined. Tlic a\crago increase was about 10 per cent 
The P-R interval hold constant between 90 and 100 milliseconds, and the T 
wave was po^ltl^e in all leads m all cases tested 
A tjpical E C G Lead II record is shown m chart 3 Here the amplitude of 
the S wave increased shghth, the P-R lnterv^al remained constant at 0 094 
seconds and the rate increased during anesthesia from 204 to 218 beats per 
minute We are indebted to Dr Robert H O'.ttr of the department of phjs- 



Normal C) preth Ether Anesthesia 


Chart 3 LLEcrnoCARDioonais Xormai- A^D U\der Cy preth Ether ANESTHE'iiA 



Xormal After 1 hr 

Frog No 8 Perfusion with 0 009M 
Cypreth Ether 



Normal After 20 nun 

Prog No 12 Perfusion with 0 009 M 
Cypreth Ether Note lack of influence on 
auricular or ventricular heat 

THE Frog’s IlEiRT 


Chart -1 Effect of Cv preth Ether o> 


iologj' for his assistance m conducting this study and for his adv ice m inter- 
preting the findings 

Effect on the perfused heart (frog) Cypreth ether was dissolved in Howell- 
Ringer’s solution and perfused through the frog’s heart in situ Several 
dilutions were employed to determine the threshold concentration required to 
cause demonstrable cardtae changes within a minute In addition, the con- 
centration of c\ preth ether found in the dog’s blood during surgical anesthesia, 
approximatclv 0 09 per cent or 0 009 molar, was perfumed repeated! v for long 
periods of time Tvpical tracings are shown jn chart 4 The threshold 
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concentration of cj’^preth ether required to produce cardiac effects in 15 
animals was 0.035 molar. The tracings show that 0.009 molar C 3 ^preth ether 
did not significantly influence the rate or amplitude of the beat of the heart 
during one hour perfusion. 

Liver Junction tests {vionketj). Five Rhesus monkeys were subjected to 
the bromsulfonphthalein liver function test. The procedure for man was 
modified so that 1 cc. per kilogram of a 1 per cent solution of the dye was 
injected. After 15 minutes not more than 25 per cent of the injected dye 
remained in the blood of the unancsthetized healthy animals. The animals 
were anesthetized with cypreth ether and maintained at the level of surgical 
anesthesia for 10 minutes. This was repeated one week later and liver func- 
tion tests performed the day follo\\Ting the second anesthesia and 4 daj^s later. 
In no instance did the dye in the blood exceed 25 per cent of the total 
quantity injected. 


TABLE 6 


Effect of cypreth ether anesthesia on the blood chemistry of monkeys 


MONKEY 

fWMSEn 

WEIOHT 

BLOOD SDOAU 

urea nttrooen 

carbon dioxide COMDININO 

POWER OP PLASMA 

CC, PER cent at 0®C. at 

760 MM. 

..... 



Normal 

An(?s- 

thesia 

24 hours 
later 

Normal 



Anes- 

thesia 

24 hours 
later 

Normal 

Anes- 

thesia 

24 hours 
later 

1 

kgm, 

i 3.2 

n 

ns 

114 

19.5 

11.9 

9.2 

46.8 

51.4 

49.8 

2 

3.0 

19 

95 

134 

24.7 

17.0 

15.7 

38.8 

46 6 

44.2 

3 

3.2 


mm 

124 

17.9 

15.S 

12.5 

34.1 

44.7 

36.6 

H 

I 5.5 

79 

■1 

77 

13.9 

16.4 

9.2 

49.4 

1 52.3 

^ 57.5 

C 

2.9 


122 

' 146 


17.3 

9.9 

47.5 




Blood chcinislry studies (monkey). Rhesus monkeys were anesthetized to 
the surgical plane for 10 minutes with C 3 '^preth ether. Prior to anesthesia, 
during surgical anesthesia and 24 hours later blood samples were drawn for 
anabasis. The data are shown in table 6. 

Concentration required for anesthesia (mouse ) . The concentration of cypreth 
ether required to induce anesthesia was determined by typical partial pressure 
experiments previously described (1). The results are shown in table 7. 
With eth^d ether in our previous studies, 4 per cent partial pressure produced 
no anesthesias, and 5 per cent anesthetized 40 per cent of the animals. 

'Histological studies of important viscera (mouse, rat, dog arid monkey). 
A group of 35 rats was used. Three control animals were killed by concussion. 
On consecutive days 3 animals were anesthetized wth ethjd ether and cj^preth 
ether respectively for a period of 10 minutes. Animals were sacrificed after 
1, 2, 3 and 4 anesthesias for histological studies. Also 2 rats used in the de- 
layed anesthetic death experiments were sacrificed after one week for histo- 
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logical study No significant damage as present m the lungs, in ers, kidney s 
and spleens in anj of these animals 

Three of the mice used in the partial pressure experiments with cjpreth 
ether were sacrificed and their In ers, lungs and kidneys were examined histo- 
logically The findings were negative 

Six dogs were anesthetized lightly with cyclopropane and Iner biopsies 
performed The anesthesia was changed to cj preth ether and maintained at 
the surgical level for one hour and a second biopsy performed No pathologi- 
cal lesions were found that could be attnbuted to the effect of cypreth ether on 
the tissue Rarefied hepatic cells seen often after cypreth ether anesthesia 
occurred in the animals normally and with an equal frequency Frozen 
sections stained for fat by the Herxheimer method indicated that this rare- 
faction was due to a diminished amount of fat in the cytoplasm of the cells 
at the time of biopsy 

Five Rhesus monkeys, which over a period of 4 months had been anesthe- 
tized 10 times with cypreth ether for periods up to 30 minutes, were sacrificed 


TABLE 7 

Induction concentration :n mice — cypreth ether 


FAFTZaZ. 

FRZASirSX 

cc FXltllrzB 

mttmscr or 
Mice rXR MR 

NTTMBEA or 
KICK n0x;t> 

AVZSTHKBU. 

ArrRAor 

rwflocnoK 

ptr cent 




peretnt 

m*n 

2 

0 26 

3 j 

5 

0 j 

0 0 

3 i 

0 Z9 

3 , 

21 

33 1 

7 0 

4 , 

0 52 1 

3 1 

45 

66 1 

5 7 

6 

0 65 j 

3 

24 

100 J 

3 5 


for histolo^cal studies at the termination of a 15 minute anesthesia The 
lungs, kidneys and livers of 4 of the animals were normal One monkey 
showed much rarefaction of the hepatic cells m the central area Adrenals, 
cerebral cortex, sternal bone marrow and bladder of 2 of the monkejs were 
examined and found devoid of significant pathology 
Ten additional Rhesus monkeys were subjected to the foregoing biopsy 
procedure as performed on the dogs The findings m this series coincide with 
those described with the dog anesthesias 
Clotting time and hemolysis {monkey and dog) The clotting time of blood 
was determined in 5 normal Rhesus monkejs b}' the capillary tube method 
The average clotting time was approximately one minute Withm the error 
of the experiment this period was neither diminished nor increased under 
surgical anesthesia with cypreth ether 
Volumes of 20 cc of cypreth ether m varying concentrations in normal 
salt solution were maintained at 25'’C To each of these was added 0 1 cc of 
freshly drawn defibrmated dog’s blood and the time required for heraoljsis 
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was obser^'ed. Two-tenths molar cyprcth ether was the highest possible 
concentration. This concentration produced hemolysis within 15 minutes. 
One-tenth molar concentration did not produce hemolysis uithin an observa- 
tion time of 5 hours. Nine-thousandths molar concentration cypreth ether, 
the mean level in the blood during anesthesia did not hemolyze red cells within 
an observation period of 2 days at 37 °C. 

Delayed anesthetic deaths {rat). Fifteen male adult rats were anesthetized 
with cypreth ether to the surgical plane and maintained in this condition 
for one-half hour. The same experiment was conducted with ethyl ether 
and effort was made to maintain the same depth of anesthesia. Fifteen 
unanesthetized rats taken from the same laborator}^ animal group served as 
controls. At the end of 3 weeks no animal in any group had died or appeared 
to be in an unhealthy' condition. 

Preanesthclic medication {monkey). With monke^^s morphine-atropine 
medication influenced the anesthesia with cypreth ether in the same manner 
in which it affects the anesthesia of ethyl ether. In monke 3 "s inducing cy- 
preth ether anesthesia with nitrous oxide was uneventful. Preanesthetic 
medication with pentobarbital sodium was found to be entirely compatible 
with C 3 ^preth ether anesthesia. Twelve experiments were conducted. 

Quantitative determination in blood {dog). The method used by Andrews 
et al. (3) for the determination of ethyl ether in the blood was employed with 
certain minor modifications. The method consists essentially of aspirating 
the cypreth ether from the blood by means of air into standard potassium 
dichromate solution in 7 molar sulfuric acid. The excess of oxidizing agent 
is determined iodimetrically. Recoveries from blood of known cypreth 
ether content were found to be complete. Fifteen determinations were made 
on dog^s blood under surgical anesthesias of 10 minutes duration; the mean 
value in milligrams per cent was 76, high 92, low 55. 

Excretion time {monkey). Four Rhesus monkeys were anesthetized with 
cypreth ether and maintained at the plane of surgical anesthesia for 15 min- 
utes. At this period the blood and expired air were assaj^ed for their cypreth 
ether content. The administration of the anesthetic was discontinued. At 
subsequent intervals during the excretion periods similar assays were made. 
The results are shown in table 8. 

Physical Properties. Solubilily in water: Ten cubic centimeters of cypreth 
ether was mechanically agitated with 100 cc. of water for 3 hours at 25°C. 
in a ''Cassia Flask.” The two liquids were allowed to separate for 12 hours 
and the volume of the supernatant cypreth ether measured. The solubility 
in these experiments was found to be 2.8 cc. in 100 cc. of water. The molar 
concentration of a saturated solution of cypreth ether in water is 0.25 at 25°C. 

Oil/waler coefficient: A 0.1 molar concentration of cypreth ether was pre- 
pared in corn oil (free fatty acids less than 0.03 per cent^ Fifty cubic centi- 
meters of this solution were agitated mechanically with an equal volume of 
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i\ater for 3 houib at 25®C The immiscible liquids separated inthin 12 hours 
producing a cleai aqueous la>er The cypreth ether i\as determined bj the 
foregoing method in an aliquot portion of the aqueous solution The mohr 
concentration m ivater (9 experiments) at equibbnum ^\as found to be 0 006 
The oil/uatci coefficient of cjpreth ether measured under these conditions 
IS 15 7 

Inflammahdity range Mixtures of cypreth ether vapor and air rcj^pectnelv 
i\ere prepared at 2b'*C and atmospheric pressure in an explosion pipette 
The mixtures weie exposed to the hot spark of an induction coil Explosions 
occurred when the concentration of cjpreth ether mtxcd with air was as low 
as 1 8 per cent The minimal concentration foi explosion with cthjl ether 
A apor under these conditions was found to be 2 5 per cent 

T''apor pressure The \apor pressure of cypreth ether at 25‘’C determined 
bj means of a nitrometer A\as found to be 147 ram that of ethji ether at 
the same temperature is 532 mm 


TABLE 8 


Excrelion of cypreth ether 



BLOOD (uovt descent) j 

XXFIHXO air (kou f 

ER liteb) 



1 Ena of 
Bnesth«sift 

! iw 

Ihour 

2 hours 

i 3 hours 1 

End of 
anesthes s 

! } hour 

1 

' I hour 

1 2 hours 

1 

3 hours 

1 

23 0 

2 5 

2 0 

0 0 

1 

0 32 

0 21 

1 0 03 

0 00 


2 

65 0 

10 3 1 

6 2 

2 3 

i 00 

0 13 

0 11 

! 0 07 

0 06 

0 00 

3 

30 9 

13 7 , 

8 6 1 

0 0 


0 48 1 

0 OS 

[ 0 06 

0 02 

0 01 

4 

21 6 

10 4 

8 0 

2 7 

1 0 9 

0 48 

0 25 

0 06 

0 03 

0 01 


SUMMARY AND COVCLUSIONS 

1 The umon of the molecule of 03 clopropane through an ether linkage mth 
the alkyl radical, ethj 1, results in the formation of a a olatile liquid (“Cj preth 
Ether”) exhibiting anesthetic properties in manj species of animals 

2 Cj preth ether Avhich is a h3brid molecule betA\ccn C3 clopropane and 
dieth 3 1 ether, exhibits a potenc 3 which a ics with chloroform and an anesthetic 
index double that of ether 

3 In the monkeA ca preth ether pioduces no functional Iner damage as 
shown bA the biomsulfonphthalcin test In these experiments in the mouse 
rat dog and monke3 anesthesias with C3 preth ether produced no ‘;igmficant 
hi<5topathological changes m important Aisccra 

4 The monkev’s heart under C3 preth ether anesthc'sia exhibited no ar- 
iliA thmias The fiog't. heart showed no effect when perfu‘?ed with anesthetic 
concentrations of 03 preth ethei 

5 The expIosiAC range of concentrations of C3 preth ether and ctliAl ether 
Avath air appears to be about the "^tame The oil/watcr coefficient of 03 preth 
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ether is approximtely 4 times greater than that of ethyl ether. The con- 
centration in the respired air required to produce anesthesia is from one-third 
to one-half that required for ethyl ether. Anesthetic concentrations in the 
blood are about one-half those of ethyl ether. 

6. Cypreth ether boils 33®C. higher than ethyl ether. 

7. The blood pressure remains normal and the pulse good under deep 
surgical anesthesia in the dog. 

8. We ^vish to emphasize that many studies reported in this communication 
are in their incipiency. More extensive investigations are in progress. The 
first approximation of the pharmacology of cypreth ether, in our opinion, 
warrants its careful and judicious trial in man by skilled anesthetists. 

ADDENDUM 

These experiments having been completed, we deemed that the properties, 
of cypreth ether w^arranted its trial as an anesthetic agent in man. On 
January 29, 1941, at 3:30 p.m. cypreth ether was administered bj^ the open 
drop method to one of us (J. C. K. Jr.). The induction period was one 
minute. Anesthesia was continued until 3:34 p.m. The induction was not 
unpleasant. Pain reflexes were abolished. The recovery was rapid and 
uneventful. Following this a similar trial anesthesia was conducted on (C. J. 
C.) wth an analogous anesthetic syndrome. 
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The suggestion has frequentlj been made that the selenium in cereal gram 
gro^vn on seleniferous soil and possibly that stored in animal tissues might be 
associated tvith and perhaps substituted for part of the organic sulfur In 
keeping with this, Horn and Jones (1) have isolated from a plant source uhat 
appears to be the selemum analog as well as the sulfur containing amino-acid 
obtained by Kuster and Irion (2) on hydroljsis of sheep i\ooI after treatment 
mth NasS Pamter and Franke (3) have presented evidence that a portion 
of the selemum of seleniferous protein and acid hydrolysates of such protein 
13 with the lead sulfide follomng hjdrolysis with alkaline plumbite These 
findings make it appear that the excretion of ingested selenium might in part 
at least parallel that of the organic sulfur and factors influencing the metabolic 
mobihzation of sulfur might also affect the mobilization of selemum from the 
tissues 

It was previously shown (4) that selemum fed in the form in which it occurs 
naturally in wheat or oats is stored in the body with the tissue proteins 
Try ptic digestion of selenized livers liberated about 80 per cent of the contained 
selemum, apparently m orgamc combmatiOn but not associated ivith the small 
fraction of liberated cystine remaining undestroy ed Also data (5) have been 
presented indicating that urinary selenium from animals fed these grams or 
Aiheat protein behaves in such a manner as to make it appear that much of it 
13 not morgamc in nature 

Tlie present w ork includes an improved method for the fractionation of the 
urinary selenium, so as better to differentiate between the inorganic and 
organic forms, and data on the distribution of selenium m relation to the 
urinary sulfur It also co'V ers several measures used in an effort to influence 
the mobilization of selenium mth particular attention to ridding the animal 
of that stored in the tissues During the course of this work Moxon and asso- 
ciates (6) reported the favorable effect of administered brombenzene for this 
purpose and experiments are included bearing on this medication 

METHODS AND MATERIALS 

Male rabbiU, of mixed commercial stock, weighing about 2 kgm fed wheat and 
cabbage were used The aelenized ammals had been kept for aminiroum of 67 days with 
215 
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free access to seleniferous wheat containing 20 p.p.m. of selenium with cabbage as de- 
sired prior to the start of the experiment. Those animals used to furnish urine for the 
fractionation experiments and data of tables 1 and 2 had been maintained on the diet a 
minimum of 12 months. Under these conditions they ate about 500 grams cabbage and 
an average of from 15 to 35 grams of the wheat per day. Since the food intake in chronic 
selenosis is quite variable (7) it was not unusual for an animal to refuse the seleniferous 
wheat for one or more do 3 'S at irregular intervals. Urines were collected in metabolism 
cages with thymol as prcservativ'C and residual bladder urine was drawn by catheter to 
terminate any period as desired. 

Selenium estimations were made by the method previously emplo^-ed (S), sulfur and 
sulfur partition b 3 " the usual gravimetric procedures (9). 

The method used for examination of the protein-free filtrates from tryptic digests of 
liver tissue (4) was applied with some modification to the fractionation of the urinary 
selenium. Zinc hydroxide was used to clarify the urines after addition of a few drops of 
acetic acid, the excess zinc removed with sodium carbonate, and barium chloride with 
hydrochloric acid added to precipitate inorganic sulfate. For the remaining precipita- 
tions, barium was always in excess. The filtrate was adjusted to pH 7 and concentrated 
in vacuo at not over 50°C., to the original urine volume. It was then acidified with 
HCI to pH 2 and poured into ethj’l alcohol sufficient to make 90 per cent b 3 ’' volume. The 
filtrate was adjusted to pH 7 and, after filtering off the small precipitate, the alcohol 
removed in vacuo. The concentrate was poured into 10 volumes of acetone, the filtrate 
from this forming fraction 7 of table 1. For each fractionation the 24-hour urine ex- 
creted by 8 selenized rabbits was used to give a v'olume of approximatelj* 1 liter. 

It was shown previously' (5) that rabbits fed cabbage with oats containing 10 to 14 
p.p.m. selenium eliminated approximately 50 per cent of the dailj' intake in the urine; 
those getting 20 p.p.m. with wheat excreted a somewhat greater portion, nearer 70 per 
cent. 

The p'brora-pheny'l-mercapturic acid was extracted from the urine bj' the method of 
McGuinn and Sherwin as used by' Conway (10). 

RESULTS 

The distribution of selenium in the various crude fractions obtained as 
outlined is presented in table 1. Included with the results are experiments 
with sodium selenate, selenite, and diselenodiacetic acid added to normal 
rabbits’ urine. It will be noted that the selenite is nearb’^ completely' removed 
by' the zinc, W'hereas selenate is precipitated partly’’ with the barium sulfate 
and partly' in 90 per cent acid alcohol.^ The urinary selenium of the experi- 
mental animals more nearly' resembles diselenodiacetic acid than it does the 
others. Some 15 per cent of the urinary’ selenium is probably' inorganic 
selenate, compared with a figure of 60 to 70 per cent for inorganic sulfate.- 

1 The best value from the literature for the aqueous solubility of BaSeO< is equivalent 
to 2300 micrograms selenium in 100 cc. at 25 ®C. (11). In urine it is somewhat greater, 
2500 micrograms, due probably’ to the influence of the organic matter in producing a 
very fine colloid. There exist no data on its solubility in urine in tbe presence of excess 
BaCls, BaSOi, HCI or 90 per cent ethyl alcohol. 

- * Sodium selenate given intravenously yielded results much like that added to normal 
urine. Eighty-five per cent of the selenium excreted in 24 hours was found in the BaSOi, 

90 per cent ethyl alcohol fractions. In this period 45 per cent of the injected dose was 
excreted which is almost identical with that found by Aten and Hevesy for the isonior- 
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Sulfur distribution as beh\een ethereal and neutral in the four fractions after 
inorganic sulfate ^\as removed, indicated that both types ^vere in each frac- 
tion. Hence selenium appears to be generally distributed, and not necessarily 
associated vith any single portion of the sulfur. The completely arbitrary 
nature of the separation should, bovever, be borne in mind. It is possible to 
produce some differences in the amount of selenium in a given fraction by 
varying the extent to which concentration is carried. 

A variety of procedures was employed in an attempt to alter the neutral 
or ethereal sulfur fraction of the urine w4tb the hope that this might influence 
the urinary selenium output. Except as noted, 24-hour specimens of urine 
wrere analyzed for selenium and for the sulfur partition, and the findings com- 
pared wdtli a similar period immediately before and one after the particular 
measure employed. Intravenous thiosulfate and oral brorabenzene with cys- 

TABLB 1 

Fractionation of unnary selenium 


PEB CBMT or TOTAt BELKmoM 


TKkcrzov 

\ 

1 Cbionic eelenosu ezpenmenta | 

When Added to oonnAl 

1 

3 

4 

6 

1 7 

1 8 

Aver- 

age 

NaiSeOt 

j liBiSeOij 

Dueleno 

diacBtlo 

and 

Zn(OH), 

2 

3 

12 

2 

1 

3 

4 

80 

0 

0 

ZnCOj 

0 

0 i 

4 1 

1 

1 1 

1 

2 

10 

0 

5 

BaSOj 

4 

2 1 

2 ; 

2 

2 i 

1 1 

2 

1 

50 , 

0 

00 per cent alcohol pH 2 0 

20 1 

20 , 

4 

4 

2 1 

9 

10 1 

1 

57 , 

0 

90 per cent alcohol pH 7 0 

6 , 

15 , 

14 

14 

5 1 

20 

12 i 

1 

1 , 

70 

Acetone precipitate i 

40 1 

IS 1 

42 1 

28 

60 1 

30 1 

36 1 

2 

I 1 

13 

Acetone solution 

28 1 

35 1 

1 1 

42 

1 24 

44 1 

32 1 

2 

1 1 

10 


tine increased the neutral sulfur. Intravenous calcium gluconate and oral 
menthol or brombenzene augmented the ethereal sulfur. None of these pro- 
cedures, how-ever, altered significantly the selenium output 
Moderate diuresis following water by mouth, or intense diuresis induced by 
8 per cent sucrose in half Ringer’s solution (13) failed to alter materially the 
selenium output. Normal saline or glucose infusion during a 5-hour period 
produced a moderate increase for the duration of the medication. For ex- 
ample, the selenium output during a 5-hour period of intravenous infusion 
of 10 cc. 10 per cent glucose per kilogram of body weight per hour with a 


p&ous sodium sulfate (12) Intravenous selcmte on the other hand pves about 15 per 
cent in the fractions where it appears when added in vitro and about 80 per cent with 
ethereal and neutral sulfur indicating a rapid a orking over of this compound A small 
amount (about 5 per cent) appears where inorganic seJenate would About 30 per cent 
of the injected dose is excreted in the urine at the end of 24 hours 
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fluid excretion of 7.3 cc. per kilogram per hour was increased from a normal 
of 3.5 to 5.5 micrograms per kilogram of body weight per hour. This last 
procedure also seemed to produce a slight increase in the neutral sulfur, 
but the nature and limited number of the experiments make this uncertain. 

Since the greater part of the selenium eliminated from the body is e.xcreted 
in the urine under the above condition of feeding, it is evident that the meas- 
ures outlined must have had little influence on the selenium depots in the 
tissues. However, in view of the positive results reported by Moxon and 
CO workers (6), it was deemed necessary to do more work on the effect of brom- 
benzene. Accordingly, an experiment was set up with six rabbits all on the 
seleniferous diet: three were given oral brombenzene, three served as controls. 
The experimental period covered nine days: first, three days' study of the 

TABLE 2 


The influence of brombenzene on the urinary excretion of selenium and its mobilization from 

the tissues of rabbits 
Three animals in each group 


remoD 

AVEnAQE OAILT 0 
8EU! 

Controls 

OTPUT or TJBINABT 
INItnt 

Treated 


micrograms 

microfframa 

1. Preliminary, November 4 to 7. 

217 

160 

2. Experimental, November 7 to 10; seleniferous wheat 



continued 

230 

200 

3. Experimental, November 12 to 15, seleniferous wheat 



discontinued 

' 198 

160 

Tissue selenium average micrograms, per cent 



1. Blood 

200 

1S3 

2. Muscle 

930 


3. Liver 

867 

1810 


normal selenium output for all animals; then three days when one group was 
given brombenzene: finally, three days when the selenium wheat was replaced 
by normal wheat with brombenzene administration continued for the same 
three animals. This latter step was taken because there was considerable 
fluctuation in the individual intake of seleniferous grain which might obscure 
relationships. The animals were then bled under anesthesia and the blood, 
liver, and muscle analj^zed for selenium. The data summarized in table 2 
indicate no significant difference between the treated and untreated animals 
This essentially negative result prompted the extension of the experiment 
to cover a longer period with all the animals given the non-seleniferous diet 
These were the animals noted as having been on the seleniferous diet for 67 
days. As previously reported (5) when there are considerable stores of 
selenium in the bod^^ discontinuance of ingestion is followed normally by a 
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rapid fall in the amount excreted m the urine for about 18 dajs and then a 
very slowly diminishing excretion for months at a Ion level Accordingly, 
these rabbits were followed for a minimum of 18 days Three rabbits were 
contmued as usual after transfer to the selemum>free diet and three were 
given brombenzene intragastrically daily * In order to force the mobilization 
of cystine and, it was hoped, the associated selenium from the tissues, an 
additional six animals were fasted with free access to water, three serving as 
controls and three given brombenzene Two animals died before the end of 
the experiment and are not mcluded m this discussion Charts 1 and 2 sum- 
marize the results including the selenium content of the blood, liver and 



AND Its Mosilization from the I^ssues in Rabbits 


muscle at the end of 18 and 20 days respectively for the fed and fasting 
groups 

Moxon and associates (6) suggested that the increased output of selenium 
following brombenzene admmistration in their experiments was due to the 
elimination of the tissue selemum m the mercapturic acid fraction, presumably 
as N-acetyl^e-p brom phenyl cysteme In the experiments reported here 
the crude p-brom-phcnyl-mercaptunc acid fraction isolated from rabbit unne 

* Seventy five to 110 mgm brombenzene per hlogram of body weight per day in five 
per cent solution in 80 per cent alcohol This is close to the maximum tolerated dose for 
these animals 
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gave on analysis a maximum of no more than 10 per cent of the total urinary 
selenium. The yield of this product was low. Isolation of a relatively pure 
portion for identification by its melting point indicated only about 5 per cent 
conversion of the administered brombenzene to the sulfur derivative. As- 
suming that the selenium was conjugated in an analogous compound this 
would indicate that we might expect no more than a small portion of it to be so 
eliminated, if the two elements are metabolized in similar fashion. 



DAYS 

Chaiit2. The Influence of Brombenzene on the Urinary Elimination of Selenium 
AND Its Mobilization from the Tissues in Fasting Animals 

COMMENT 

The results of the fractionation of the urinary selenium in chronic selenosis 
of rabbits indicate that most of it is associated with the neutral and ethereal 
sulfur and that mobilization from the tissues by administration of various 
agents including brombenzene is not markedly effective. The bromine com- 
pound has been used recentl 3 ^ therapeutically in humans (14) but in view of 
the present work it would seem that so toxic an agent, if it is to be used at all, 
should be used with great reserve and caution, at least until there is a more 
.substantial basis for the therapy. 

SUMMARY 

1. A method for the fractionation of urinary selenium which distinguishes 
sodium sclonate and selenite from organic selenium has been presented. 
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2 ^lost of the urmai'j ‘selenium excreted labbits fed on sclcniferou& 
wheat appears with the ethereal and neutral sulfur presumabl} as oiganic 
selenium, with onlj about 15 per cent as inorganic 

3 Various agents reputed to influence the sulfur partition of the urine 
produced no marked change m the urinary selenium output 

4 No significant increase m the output of urinai j 'selenium or anj dcciease 
in the tissue selenium could be obtained by the oral admimsf ration of brom- 
benzene 

5 No pronounced amounts of selenium could be found w ith p-brom-phenyl 
mcrcapturic acid isolated from the urine of biombcnzenc treated sclemzcd 
rabbits 
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Textbooks of pharmacolog 3 ’' ttnd the older literature (1) state that ver}*^ 
small amounts of phenolphthalein are excreted in the urine and that most of 
it appears in the stool. Fantus and Dy^niewicz (2), who studied the elimina- 
tion of phenolphthalein quite intensively, found that onlj" a small proportion 
(1.4 to 19.7 per cent) was excreted in the urine in several days and after 
varjdng doses. (All discussions referred to are based on observations after 
the oral intake of powdered phenolphthalein.) In quantitative deter- 
minations of urinary phenolphthalein as part of the work on the validity of 
the Woldman test, (3) in which the patients studied received phenolphthalein 
in alcoholic solution, we were surprised to find large quantities of phenol- 
phthalein in the urine (4), In some cases, (liver disease and sepsis) the amount 
of phenolphthalein in the urine was larger than that in the stool. By chang- 
ing the mode of phenolphthalein administration we found it possible to make 
phenolphthalein elimination quite opposite to the statements in standard 
textbooks and in the literature. Not only are the quantitative results 
different from those previously reported, but the quantity of phenolphthalein 
excreted in the urine is not dependent solel}’’ upon the dose ingested. Other 
intrinsic factors are also involved. We found that certain diseases may mod- 
ify the amount of phenolphthalein excreted in the urine, while others have no 
effect. Because of these observations, a study was planned to determine the 
circumstances that modifj’^ phenolphthalein excretion. Such a studj^ with 
pure phenolphthalein is of importance, since it throws additional light upon 
the excretion of phenolphthalein compounds which are used in the diagnosis 
of diseases of the liver, (bromsulphalein and tetraiodophenolphthalein) and 
kidney (phenolsulphonphthalein). 

Another reason for this study was the desire to comply with Rowland's 
request (5) to clarify and further to confirm certain observations as to the 

» This work was assisted by a grant from Phenolphthalein Research, Inc. 

♦Deceased. 
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phenolphthalem absorption, conjugation and elimination, which were firbt 
observed during the prchminaiy work, in \\hich phenolphthalem was given 
in an alcohobc solution ^^^len phenolphthalem is given as a powder, it is 
dissolved bj the intestinal juices before an> is absorbed The amount ab- 
sorbed and later eliminated depends on how much phenolphthalem is dts- 
solved Since phenolphthalem is only slightly soluble, the amount dissolved 
and absorbed depends on the quantity of phenolphthalem ingested and on the 
amount of intestinal juice present Not only does the amount of mtc^^tmal 
fluid mfluence the solubility of phenolphthalem, but also its composition, 
1 e , when bile is present the solubility is greater and vice lersa The adminis- 
tration of phenolphthalem dissohed in alcohol obviously docs avvav with many 
of the factors that play a role m solubility and absorption when it is given as a 
powder 

Phenolphthalem absoibed from the gastrointestinal tract is normally 
excreted in the bile and urine, in which it can be determined quantitatively 
(2) The functional state of the liver and kidne>s determines the relative 
amount excreted through each organ In prev lous studies (6) we have shown 
that high concentrations of phenolphthalem m the bile are associated wnth 
low amounts in the urine and vice uersa, hence the determination of the quan- 
tity in the urine alone may suffice for the evaluijtion of the functional status 
of either organ 

In the present work vve used the reciprocal relationship between liver and 
kidney to estmiate the functional activity or status of these organs In 
addition, the clearance, (urine/plasma ratio) of phenolphthalem was also 
determined, and was compared with the endogenous creatinine clearance 
(7) to determine to what extent the two run parallel 

MATEKIALS AND METHODS 

Pasting individuals both normal and diseased (425 cases) were given, according to 
Woldman s (3) technic, 0 10 gram of white phenolphthalem which had been dissolved 
in 10 cc of high alcoholic ehxir and diluted with water to 30 cc just before administra 
tion No food or fluids were alloned for tuo hours thereafter The unne was collected 
for ten hours Blood specimens were taken one and three hours after phenolphthalem 
ingestion The free and conjugated (total) phenolphthalem m blood and unne was 
determined by a modification of the method of Pantus and Dymemez (2) The average 
of the two blood concentrates was taken 

-Delermtnalton of phenolphthalem in -unne To five cc of unne 15 cc of 17 per cent 
hjdrochlonc acid were added and the mixture heated nearly to boding for at least one 
hour After cooling the liberated phenolphthalem was extracted by shaking in a 
separatory funnel w ith 20 to 30 cc portions of ether until the last washing gave no color 
with alkali Interfering yellow coloring matter was removed from the ether extracts by 
adding just enough alkali solution to ncutrahre the acid the colorless ether solution 
containing the phenolphthalem was then extracted with alkali solution until all pmk 
color was removed The phenolphthalem contained in the alkah solution was deter 
mined by finding the amount of phenolphthalem that had to be added to a volume of 
alkali solution equal to that used for extraction m order to make the colors equal final 
reading was made with the aid of a colorimeter 
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DcterminaUon of total phenolphthalein in bile was done by following the procedure 
outlined above, using five cc. of bile* 

Determination of serum phenolphthalein. Five cc. of serum were first extracted with 
25 cc. of ether, which was decanted and discarded if no free phenolphthalein was present 
in it. If phenolphthalein was present, it was extracted from the ether with five cc. of 
alkali solution.^ Then ten cc. of concentrated HCl (sufficient to precipitate and dis' 
solve the protein) was added to the scrum and it was heated nearly to boiling on a hot 
plate for at least one hour. This procedure hydrolysed the conjugated phenolphthalein, 
and the freed phenolphthalein was then extracted and determined quantitatively as 
above. The accuracy of phenolphthalein determination depends on the successfiil ex- 



.. .. .. ... ^7 W M 35 53 57 59 41 45 45 47 

ph^rwlphthofcm eliminated in 10 hrs. 

m i . Quantity of Total Phenolphthalein Eliminated in the Urine in Ten 
Hours in Normals and Patients Suffering prom Various AxLaiENTS 
Summary of 425 case studies after 0.10 gram phenolphthalein in high alcoholic elixir 


traction of interfering coloring matter. Since the amount of phenolphthalein (as conju- 
gated), contained in serum is small, care had to be exercised when extracting the inter- 
fering yellow color to use just enough alkali, avoiding excess which would dissolve 
phenolphthalein. 

RESULTS 

1. Normals 

Normal individuals, and patients 5vithout liver pathology and without 
sepsis, excrete more phenolphthalein in the bile than in the urine. In ten 

*4.0 gm. NaOH and 3.75 gm. ammonium sulfate per 1000 cc. 
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hours usually 5 to 10 mgm were e\creted m the urine (graphs 1 and 2) \ji 
elimination of over 12 mgm or btlou 4 mgm occurred onl> in cases Tvath Ii\er 
disease and '?cpsis or kidnej di'^ease re&pecti\ ely (table lA B, C, P) The 
axerage concentration of phenol phthalem m the serum one and three hours 
after ingestion of phcnolphthalein, varied from 0 18 to 0 23 mgm per cent. 


■ “Unneiry gIi mi notion of 
conjujiated phenolphthalcin 
in in 10 hours 

H □•Blood scrum concen* 

J 

LI 

rration or conjupatea 
phenol phtholein in 
tenths of mef per lOOcc 




1. 



1 





1 

1 

1 



Liver diaedse with Normal Chronic 

or without jaundice individuals nephritis ond 

and sepsis mahqi nephrosclerosis 


Graph 2 Typical Elimihation op pHE^OLPBTHALEI^^ in Urine and Concentration 
IN Blood Sehdm in the Three Differevt Groups 


xnth an ax erage normal of 0 2 mgm per cent Table 2 shoxx-s the number of 
ca«os studied m each group and their axerage phcnolphthalein concentration 

3 Liier cases 

In all ca*?es of liver pathologj, a marked increase (12 to 43 ragm ) in the 
urinarj elimination of phcnolphthalein xxas found (graphs 1 and 2) The 
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' T.U3LE lA 


Misccllancom 


KAMC 

diaonobis 

lO-JioiJB uni- 

NAaV EUMINA- 

TION or total 
PHENOL- 
PIITIIALEIN 

average 

COKCEKTRATION 
or COJf/VOATCD 
PBEJ/OL- 
PHTHALEIN JN 
EEOOD SERXTSt 



mgvx. 

mgm. per cent 

E, P 

Cardiac 

11.22 

.19 

J. L 

Gastro-intestinal 

11,29 

.22 

A. S 

Gastro-intestinal 

10. 7S 

1 .26 

F. N 

Gastro-intestinal 

9,49 

.19 

R. M 

i Cardiac 

8.79 

,19 

A. W 

Aneurysm 

8.52 

.23 

M. B 

Cystitis 

8.32 

.22 

J. F 

Pernicious anemia 

D.76 

.17 

S. R 

Cardiac 

5.76 

.24 

W. K 

Gastro-intestinal 

4,82 

.23 

Average , 

8.57 

.21 




Table lA showing the urinary elimination of phenol phthalein in mgm. in 10 hours^ 
and the average concentration of phenolphthalein in mgm, per cent of one and three hour 
specimens of blood serum in misccUnneous cases (normals, cardiacs, gastrointestinal, 
etc.). 


TABLE IB 
Liver cases 


NAME 

' EIAONOSIS 

lO-noon VRi. 

NAftT EUJUNA- 
TION or TOTAL 
PBENOL- 
FUTHALKXN 

AVERAGE 

conceothatton 
or cokjvqatzo 
riiKNOL 
rnTBALEIN IK 
RtOOD BEnUM 



mgm. 

mgm. percent 

A. E 

Ca of stomach with obstructive jaundice 

42.68 

.38 

J. G 

Acute hepatitis 1 

34.05 

, .56 

D 

Bismuth hepatitis 

32.38 

.63 

J. M 

Acute hepatitis with jaundice 

30,04 

.49 

J. B 

Acute hepatitis with jaundice 

25.72 

.44 

R, S 

Acute hepatitis with catarrhal jaundice 

23.31 

.42 

G. W 

Cirrhosis 

21.81 

.54 

a, A 

Cirrhosis 

21.32 

.43 

E, S 

Obstructive jaundice due to cholelithiasis 

19.95 

.38 

R. M 

Acute hepatitis wdth obstructive jaundice 

14.35 

.26 

Average 

26.56 

.45 


Table IB showing the urinary elimination of phenolphthalein in mgm. in 10 hours, 
and the average concentration of phenolphthalein in mgm. per cent of one and three 
hour specimens of blood serum in liver cases. 
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TABLE 1C 
Sepsis eases 


TTAUX 

1 ClAO-^OSTS 1 

1 

1 

lO-noxTR cw 
kart XLIUIKa I 
TIOS OT TOTaI* 
fhckoi- 
rSTKALClK 

ATRRAGC 
CONCENT RATION 
or CONIOOATEO 
FRBNOL* 
TRTUAUIK IK 
SLOOO BCRini 



mffm 

ntgm ptreent 

G T 

Tularemia 

34 13 j 

40 

C L 

Infectious arthritis 

26 96 1 

36 

J p 

Lung abscess 

23 40 1 

28 

C K 

Blood dyscrasia + sepsis 

21 62 j 

40 

P C 

Undulant fever 

, 21 48 

32 

S H 

Dennat exfoliativa 

18 67 1 

41 

8 

Subacute bacterial endocarditis 

18 13 1 

29 

D D 

Malana 

16 93 , 

31 

C D 

Pentomtis 

14 30 

31 

F B 

Pneumoma 

12 74 1 

35 

Average | 

20 83 1 

34 


Table 1C showing the urinary elimination of phenolphthalein in mgra m 10 hours, 
and the average concentration of phenolphthalein in mgm per cent of one and three 
hour specimens of blood serum in sepsis cases 


TABLE ID 
Kidney cases 


Kaux 

piAotfoais 

1 lO-BOUR URINART 
EUNIKATIOK or 

1 TOTAIj TBXKOti- ' 

prtsalzik 

ATKBAOZ comcek 
TRATION or CON 
JOOaTXO PHINOL- 
rRTNALElK IN 
SLOOP RXBCU 

1 


[ mgm 

PiftH perctnt 

J c 

Malignant nephrosclerosis 

\ 3 77 

0 33 

G B 

Malignant nephrosclerosis 

\ 0 73 

0 26 

J G i 

Malignant nephrosclerosis 

! 0 59 

0 31 

Average 

0 30 

L P j 

Chrome nephritis 

1 4 56 

0 06 

R S 

Chronic nephritis 

1 2 69 

0 06 

J K 

Chronic nephritis 

1 1 88 

0 07 

N Z 

Chrome nephritis 

! 1 45 

0 16 

C D 

Chronic nephritis 

0 60 

0 16 

J N 

Chrome nephritis 

0 52 

0 11 

J S 

Chrome nephritis 

0 1 

0 05 

Average 

0 09 

Total average j 

1 68 1 



Table ID showing the unnary elimination of phenolphthalein in mgm in 10 hours, 
and the average concentration of phenolphthalein in mgm per cent of one and three 
hour specimens of blood serum in kidnej cases 




258 


B. FANTUS, F. STEIGArANN AND J. BITNIEWICZ 


degree of tlus incrcfl^se is relsited to the severity of the disojise, sTid is usviuUy 
parallel \%ith the degree of javuidice. With improvement of the liver concU- 
tion, the urinary elinunation of pheuolphthalein decreased (graph 3)* 

The increase in urinary phenolphthalein was associated with an increase in 
serum phenolphthalein (graph 4), though the increase of the serum concen- 
tration did not always coincide with the rise of the urinary level. 



Graph 3. Showing Ubinahy Elimination in Tjbn Howws av Height of Jaundice 
(1) AN» xMjRiNG Recover!' Stage ( 2 ) 

The previous study of excretion of phenolphthalein in urine and bile after 
oral administration in patients rvith gall bladder or common duct hstula was 
augmented by studies of cases with duodenal drainage following the intake 
of akoholic solution of phenolphthalein. The previously reported results 
after oral phenoiphthalein administration were more marked in these latter 
studies in which low quantities of phenolphthalein in the bile were associated 
with high phenolphthalein in the urine (graph 5)^ and vice verm (graph 6). 
If no phenolphthalein was present in the bile, the urinary phenolphthalein 
was usually above 25 mgm. in ten hours (graph 7). In subsiding jaundice 


Conj 



„ Z hours 4 6^TW ^ 

Dile collected at intervals of 15*30 mia for 3 4 

Graph 6 Showinq Concentration of Conjugated Pkevo lputr A« crr -“"y- //J 
Bile RESPEcrnELt in Jaundice Cases 
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Graph 6. Showing Concentration of Conjugated Phenolphthalein in Urine and 
Bile Respectively in Normal Individuals 
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Graph 7 Showing the Absence of Phenolphthalein in the Bile When UiHNARy 
Elimination of Phenolphthalein Is High and the Appearance of 

phthalein in the Bile When the Urinary Ellmination Decreases 
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when phenolphthalem was found in bile, the urinary phenolphthalem excre- 
tion was around 10 mgm in ten hours 

S Sepsis cases 

In various septic conditions (pneumonia, abscess, etc), the urmary phe- 
nolphthalein elimination curves are similar to tho'^e of the jaundice patients 
(above 12 mgm ) The phenolphthalem concentration m the blood of these 
cases was similar to the blood phenolphthalem concentration found in jaun- 
dice patients (table IC) 



Creatinine Clearance 
Graph 8 

4 Kidney cases 

All cases of chronic nephritis or malignant nephrosclerosis eliminated 
less than 5 mgm of phenolphthalem m the urine inthin the ten hour test 
period Most cases excreted only about 1 to 2 mgm of phenolphthalem 
In acute nephritis (without nitrogen retention), the phenolphthalem excretion 
was uithin normal limits 

The concentration of phenolphthalem in the blood of patients with chronic 
nephritis ^^as less than the average normal, although here too, the decrease 
in the amount did not coincide i\ith the drop of the phenolphthalem ehmma- 
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tion in the urine. In cases of malignant nephrosclerosis, the concentration 
of blood phenol phthalein was higher than normal, in some instances being 
equal to that found in cases with liver pathology or sepsis. 

Clearance. The phenolphthalein clearance was studied during the period 
in which phenolphthalein was demonstrable in the blood. The phenol- 
phthalein clearance was much lower than the creatinine clearance. In 
cases in which the creatinine clearance was reduced, e.g., kidney pathology, 
the phenolphthalein clearance dropped proportionately (graph 8). 


TABLE 2 


TTPE or CASES 

1 

KUVIBER 

OP CASES 

percentage t 

GATED PHEN 

Above normal 
range 

0.7-0 2i 
mgm. per cent 

nSTRlBTTTION OP ( 
OLPHTHALEIN CO 
IN SERUU 

Withm normal 
range 

0 23-0 18 
mgm. per cent 

CASES CONJV- 
NCENTRATION 

Below normal 
range 
^ 018-0 
xngm. per cent 

Gastro-intestmal 


15 

60 

25 

Liver 


79 

11 


Sepsis 


73 

12 

15 

Kidney 

48 1 

19 ^ 

30 

61 


Table 2 showing the number of cases studied and the distribution in per cent of the 
various groups, 

* Most of these were malignant nephrosclerosis. 


DISCUSSION 

Phenolphthalein given orally in alcoholic solution is readily absorbed from 
the gastro-intestinal tract. Most of that absorbed is excreted by the liver 
and only small amounts b3’' the kidne3\ This is found in normal people and 
in patients suffering from a variety of ailments (cardiac, essential hyper- 
tension, gastrointestinal, slight infections and even acute nephritis). Two 
deviations from this apparently normal behavior are encountered. The 
first occurs in hepatic affections with or without jaundice, and in severe sepsis. 
In these conditions, little or no phenolphthalein is eliminated in the bile, 
hence the concentration of phenolphthalein in the blood is markedly increased 
and consequently more phenolphthalein appears in the urine. Because of the 
impaired elimination of phenolphthalein through the bile no absorbed phe- 
nolphthalein finds its way back into the intestinal tract, so that in these cases 
little phenolphthalein is found in the stool. Thus in some cases of jaundice or 
sepsis the amount of phenolphthalein excreted in the urine was much greater 
than that found in the stool, (e.g., 2.7 mgm. in stool and 59.2 mgm. in urine; 
21.1 mgm. in stool and 45*9 mgm. in urine). 

The other deviation consists in a reduction of the urinary excretion; this is 
found in chronic nephritis or malignant nephrosclerosis. In these cases, 
more phenolphthalein is found in the stool than in the urine. 
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In cases ^vith the first tj pe of deviation (hepatic pathology mth or wthout 
jaundice), the reduced excretion through the bile is due either to djsfunction 
of the hepatic epithelial cells, the Kupffer's cells (reticulo-endothelial system), 
or both The impaired excretion, houe\er, was found not only in hepatitis 
with or without jaundice, but also m jaundice without hepatitis (obstructive 
jaundice) 

In the cases of obstructive jaundice without hepatitis, tests for liver func- 
tion (galactose tolerance, hippunc acid excretion) and the blood chemistry 
(cholesterol-cholesterol-cster ratio, phosphatase, and albumin-globulm ratio) 
did not reveal impaired hepatic function Hence the status of the Iiv er paren- 
chjma is not the only factor responsible for the reduction of phenolphthalein 
in bile The assumption may be made that the accumulation of bile pigments 
m the Kupffer’s cells may in itself be responsible for the lack of phenol- 
phthalem excretion m the bile {yellow block) 

A similar condition is found both in the Graham Cole test (m which tetra- 
lodophenolphthalem is used to produce a roentgenologicall> demonstrable 
gall bladder shadow) and m the bromsulphalein test In most instances of 
jaundice, there is no visualization of the gall bladder, even when the gall 
bladder is normal Similarly, there is a marked retention of bromsulphalein 
in jaundice, with or without hepatitis The phenolphthalein excretion in- 
dicates solely the status of the liver excretory function for djes and does not 
necessarily indicate the condition of the hepatic parenchyma 

If increased phenolphthalein excretion through the urine (concomitant 
with reduced excretion through the bile) is found m sepsis disturbances in the 
hepatic excretory function can be assumed analogously {white block) The 
exact site of the block — liver parenchj ma or Kupffer’s cells — is not defimtely 
established The presence of this block in sepsis may be m favor of the latter 
site We may assume that m jaundice the Kupffer's cells are blocked by 
bile pigments and m sepsis by the particular infectious “agents ” Both maj 
impair the passage of phenolphthalein 

The reduced urinary excretion in kidney disease is apparently due to two 
causes One is the excretory inefficiency of the kidney parenchjTna The 
phenolphthalein m the blood is not normally excreted The reduction of the 
phenolphthalein clearance parallel with that of the creatmme clearance in- 
dicates this etiologic factor In accordance with the bchaiior of other sub- 
stances (8), the phenolphthalein resorption is probably not mereased, but 
possibly even decreased, a disturbance of phenolphthalein filtration through 
the glomeruli may, therefore, be assumed Dccrca‘’ed urinary excretion 
should lead to retention and increa^^c of the phenolphthalein level in the blood 
Ihis was not found to be the case, in fact, the blood lev el was cv en lower than 
in normal persons This phenomenon points to a second factor responsible 
for the reduced urinary excretion, namely'^ a decreased offering of phenol- 
phthalcin for excretion This condition was only found m chiomc nephritis 
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and not in malignant nephrosclerosis. A possible explanation for it is a re- 
duced phenolphthalein absorption from the gastrointestinal tract. 

SUMMARY AND CONCLUSIONS 

1. Phenolphthalein given in alcoholic solution^ in contrast to that given in 
powder form, is readily absorbed from the gastrointestinal tract. The ab- 
sorbed phenolphthalein is excreted chiefly through bile and partly through 
urine. 

2. In liver damage with or without jaundice, in jaundice without liver 
damage and in severe sepsis, the biliary excretion is impaired; the urine 
excretion and the blood level of phenolphthalein are consequently much in- 
creased. The impaired biliary excretion in all these cases is probably due to a 
block of the excretory function of the Kupffer's cells. 

3. In chronic nephritis, the urinary excretion is decreased, but the blood 
level is normal, or lower than normal. 

4. In malignant nephrosclerosis, the urinary excretion is decreased, but the 
blood level is normal, or higher than normal, 

5. Comparison of the phenolphthalein clearance with the endogenous 
creatinine clearance indicates that the reduction in phenolphthalein excretion 
is partly due to filtration damage. The low blood level in chronic nephritis 
may be due to impaired intestinal absorption. 

6. The determination of the blood and urinary phenolphthalein gives evi- 
dence of the excretory function of liver and kidney respectively. . 
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Corresponding derivatives of benzene, thiophene and furan differ notably 
in their chemical composition and structure, but since the time of Victor 
Meyer ( 6 ) the close similarity of the chemical and physical properties of 
benzene and thiophene denvati\es has been recognized The similanties 
between thiophene and furan compounds A\ere early recogmzed, and thio- 
phene was designated as thiofuran m some of its literature The aromatic 
properties of furan have been emphasized b}*^ Gilman and coworkers (4), and 
Pauling (7) has recently presented pertinent resonance data and structural 
interpretations for thiophene and furan that arc in keeping with the known 
physical and chemical similarities of these compounds mth benzene 
Closely related to some of the work here reported are the obsen ations of 
Tamter (10) that iS-^-thienylethylamine (referred to as thiophenylethylamine) 
has about the same order of pressor activity m cats as does ^-phenylethyl- 
amme, and that pretreatment with cocaine diminished the pressor activity 
of both compounds Burn also studied the pressor effects of i 8 -;S-thien 3 l- 
ethylamme synthesized by Barger and Easson (2), and reported that its effects 
were qualitatnely and quantitatively indistinguishable from those of 
^-phcnjlethjlamine Observations of the effects of /J-;S-thienyIethylamme 
(referred to as thiophcnethylamine) and ^-phenylethjlaminc m producing 
increased motor activity m rats hav e recently been reported by Schulte, Reif, 
Bachcr, Laurence and Taintcr (9) Thienyl ammoethyl ketones were found 
to have some local anesthetic activut> by Smha in working with the com- 
pounds of \y and Nisbct (1938) 

Fiirjlmcthjlamine and /S-furjlethylaminc were prepared by Windaus and 
Dalmer (1920) and Impens found them to cause a transient fall in blood pres- 
sure when injected into cats, without notable effect on pulse rate or respira- 
tion On isolated giiinea-pig uterus, the'ic compounds caused a marked 
increase m tone These same compounds were studied by Fujii (3) who 
reported furjlmcthjlamine to be depressor in cats, but pressor m rabbits, 
ind ^ furjlethihminc to cause an imtnl fall, then a rise, then a prolonged 
265 
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fall of blood pressure in rabbits. Both compounds acted to contract a consid- 
erable number of isolated smooth muscle preparations from various species 
of animals, and this action was considered to be upon the parasympathetic 
endings in small doses, and upon the muscle itself with large doses. Judging 
from the effects of approximately lethal doses in mice, Fujii concluded that 
furylmethylamine acts principally upon the central nervous system as a 
depressant, while /3-furylethylaraine acts as a stimulant. Kanao (1927) 
synthesized a large number of furylalkanolamines, but they were investigated 
only with respect to their mydriatic action, which was found to be inversely 
proportional to the number of carbon atoms in the side chain. Lewy and 
Nisbet (1939) found that several of a series of furyl aminoethyl ketones had 
some local anesthetic action on the rabbit's cornea, but all proved to be highly 
irritant. 

The present studies were carried out to determine the similarities and differ- 
ences in certain physiological actions of identical aminoalkyl derivatives of 
benzene, thiophene and furan. These isopropjdamines have both peripheral 
and central actions and certain of these actions that may be measured wth 
some quantitative precision were studied. 
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EXPERIMENTAL STUDIES IN ANIMALS 

Phenethylamine and phenisopropylamine 03-phenyIisopropylamine) were 
used in the form of their sulfates, and one or both were used as primary com- 
parison standards when such was needed and possible of use. 

The /S-j^-thienylisopropylamine, in the form of its sulfate, was prepared 
from the corresponding ketone by Dr. Glenn E. Ullyot, and the SO 4 content 
analyzed 25.26 and 25.14 per cent, the calculated value being 25.25 per cent. 
The sulfate of ) 3 -^-fur 3 disoprQpylaminc was obtained from the amine product 
of the reduction of the corresponding furylnitropropylene by Dr. George H. 
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Connitt, and the SO4 content analyzed 27.48 and 27.10 per cent, the calcu- 
lated value being 27.57 per cent. 

Pressor ejjecls in dogs 

Dogs under anc.sthcsia with ether or sodium pentobarbital were used, and 
phcncthylamine was used as the primary comparison .standard, though re- 
sponses to epinephrine were also usually studied in the same animals. "The 
threshold dose for any considerable pressor activity of the thienyl- and 
furyl-isopropylamines is the same as for phcncthylamine or phenisopropyl- 
amine (about 5 X 10"^ to 10~® mol /kgm. intravenously) and in freshly 
prepared animals the intensity of the prc.ssor response to 10“® mol./kgra. is 
comparable to that of about J0~® mol./kgm. of epinephrine. The duration 
of pressor effect of the thienyl- and furyl-isopropylamines is comparable to 
that of phenLsopropylamine, and is very much more prolonged than that 
following injection of phenethylamine. Like phenLsopropylamine, the 
thienyl- and fur^d-isopropylamines exhibit marked tacliyphylactie effect in 
serial injections, and fairly precise comparisons of the relative pressor activi- 
ties of all of these compounds require the use of phenethylamine, or similar 
substance, as a standai d. 

As found in earlier work by Alles (1), the intensity of pressor effect of 
phenisopropylaminc is quite comparable to that of phenethylamine, and 
within the limits of the observational technic, the same is true for tliicri}'!- 
isopropylnminc. The effect of furylisopropylamine, however, is definitely 
Ie.ss, the best comparisons indicating this compound to bo but about one- 
third as active as phenethylamine. In some preparations an initial deprc.s.'tor 
effect of short duration precedes the long-lasting pressor effect of furyliso- 
propylamine, paiticularly with do'se.s above 10“® mol./kgm,, and atropine in a 
do.se of 10“® mol./kgm. appears to diminish this initial depressor effect. 
Vagal slowing of the heart at times of maximal pressor response did not appear 
to be different wtb the three isopropylarriines or pbenetbylaminc. It was 
not determined \vhethcr such vagal effects were due to blood pros.sure refle.xcs 
or due to direct medullary stimulation of the vagus bj- the compounds. 

Effects on isolated rabbit intestine 

Ileum strips suspended in a medium of 0.9 per cent IsaCI, 0.042 per cent 
KCl, 0.018 per cent CaCIj, 0.015 per cent NaHCOa and 0.10 per cent glucose, 
at were used for studj', and effective batli concentrations for particular 
responses wcic determined, The effects of phenisopropylaminc and of 
thicnylL'Jopropylamine were nearly the same, both being "di-phasic” in that 
minimally active doses (5 X 10“* or 10“® molal) show’cd incrcasc.s in tonus 
with some decrease in amplitude, while higher doses (2 to 8 X 10“* molal) 
show'cd a progressive decrease in tone and abolition of amplitude. Furyliso- 
propylamine differed from the other two compound.'? in that over the same 
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dosage range (5 X lO"'* to molal) there was dominantly an increase in 
tonus, and while inhibition of amplitude was notable with doses of around 
10'^ molal, about five to ten times this dose was necessary to abolish ampli- 
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Fig. 1. Dogs, Na-pENTOBARBiiAL. Carotid Arterial Pressure 

A. 16 kgm. 7, lO"® mol./kcm. epinephrine. £, 10"® mol./kgm. B-furylisopropyl- 
amine. 5, 10”® mol./kgm. B-thicnylisopropylamine. 4, 10"® mol./kgm. phenethyl- 
amine. 

B. 9 kgm. 10”® mol./kgm. epinephrine. S, 10"® mol./kgm. phenethylamine. 5, 
3 X 10”® mol./kgm. B-furylisopropylaminc 
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Fig. 2. Isolated Rabbit Ileum 

A. Thienylisopropylamine in th ' * "" /, 

B. Furylisopropylaminc in the ^ 

molal ; S, 2 X 10"=* molal ; 4, 5 X lO"-* momi ; o, lu - muiai. 


10"^ molal. 

X 10”^ molal; 0, 10"® 


tude. On colon strips the effect of all the compounds studied was more 
dominantly to increase tone than with ileum strips, as has been noted by 
Alles (lb) for the optically isomeric phenisopropylamines. 
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The increased tonus effect of the phenyl-, thien} 1- and fur3 lisopropj laromes 
on isolated ileum or colon strips uas found to be antagomzed bj atropine m 
approximately equal molal concentration Concentrations of 2 to 5 X 10“* 
molal atropme usually cau'^ed some decrease m the tonus responses to 10“^ 
molal of these isopropylamines, but 10“’ molal atropme ivas usually required 
to efifectu ely abolish the tonus responses In several e\periments it appeared 
that furylisopropylamine v^as some^\hat more readUj antagonized bj atropine 
than uere the phenyl- and thicn^I isopropj lammcs, but the differences ^\erc 
not great (about two fold) 

The effects of epmephnne and acetylcholine on isolated intestinal strips 
may be dimimshed or abolished by suitable mol ratio concentrations of 
phcmsopropylammc (see lb), and with the thienjl- and fury I isopropylamines 
this IS also true The antagonism of the relaxing effect of 10“^ molal epi- 
neplirine by 1 to 2 X 10“’ molal thieny 1-isopropyIamine is comparable to the 
effect of phenisopropylamme m the same concentrations, but furj hsopropyl- 
amine is less effective, and even 5 X 10”’ molal may not abolish the relaxant 
responses to 10"^ molal epinephrine Antagomsni of the stimulant effect of 
10"* molal acetylcholine is marked, though not complete, bj 1 to 2 X 10"’ 
molal of phenjl-, thienyl- or furyl isopropylamine, and there does not appear 
to be any difference among these compounds m their antagonism to acetyl- 
choline However, the considerable stimulant effect of furylisopropv lamme 
itself, m all concentrations used, docs diminish the conclusiveness of inter- 
pretation of its antagonism to acetylcholine 

Motor effects and lethal iox^c^ty %n mice 

Three groups of 10 mice each were injected intrapentoneally with phenyl , 
thienyl or furylisopropylamine m a dose of 10"* mol /kgm (about 20 
mgm /kgra of sulfates), and placed in adjacent cages Phcmsopropylamine 
and thienylisopropylaminc caused very similar stimulant effects, but the 
group injected w’lth phenisopropylamme was active for about 4 hours, as 
compared with 2 hours with the thienyl compound Furylisopropylamine 
showed practically no motor stimulant effect, and caused no deaths, while 
two out of ten died wnth both phenisopropylamme and thieny h‘!opropylamine 
With this dose 

Similar observations with a dose of 2 X 10"* mol /kgm of the three com- 
pounds showed furylisopropylamine to exert a stimulant action for only 16 
to 30 minutes Phenisopropylamme and thienyhsopropy lamine caused much 
longer-lasting stimulant effects which were very similar, and some of the am 
mals injected with phemsopropy lamine were active after 5 hours, whereas 
none with thienylisopropylaminc was active after 3|^ hours There was one 
death with phenisopropylamme, but none with furyl- or thienyl i^opropyl- 
amine 

Observations made after a dose of 4 X 10"* mol /kgm showed very similar 
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stimulant effects from all three compounds. However, most of the effect 
from the furyl compound had worn off in 2 hours, but with phenisopropyi- 
amine six of the group of ten were still active after 5 hours, while none with 
thienylisopropykmine was active after 5 hours. There were no deaths with 
furylisopropylamine, while four out of ten died with both phenisopropylamine 
and thienyhsopropylamine. 

To determine an approximate LDeo, the thienyl and furyl compounds were 
also administered in larger doses. With thieny2isoprop5damine, four out of 
ten died from 6 X 10~-^ moh/kgm,, and eight out of ten died from S X 10"^ 
moL/kgm., the thus being about b X 10~^ mol./kgm., or IHmgm./gm, 
of sulfate. Furjdisopropylamine was appreciably less toxic, and its LD«<i 
was found to be about 20 X 10"^ mol./kgm., or 348 mgm./kgm. of sulfate. 
Respiratory arrest was the primary cause of death from the furylisoprop^d- 
amine, as the heart continued to beat for some time after respiration had 
ceased. Marked intestinal peristalsis was often a noteworthy finding at 
prompt autopsy, but no macroscopic histolo^c changes were noted in the 
organs. With the thienylisopropylamine, autopsy occasionally showed the 
lungs to be hemorrhagic, and there was often a finding of considerable gas 
in the stomach, both findings being common with acute lethal doses of 
phenisopropylamine. 

Although phenyl-, thien^d- and furyhisopropylamine at the dosage level of 
4 X mol./kgm. all showed very similar stimulant effects, there was a 
striking difference between the three at the level of 10^^ moL/kgm., with the 
furyl compound being definitely less active than the other two. The rela- 
tionship of these doses to the LDbo for the same compounds should, however, 
be considered, for while 4 X mol./kgm. of phenisopropylamine or 
thienylisopropylamine is approximately the for these two compounds, 
this dose represents but about one-fifth the LDso for furyllsopropylamine, at 
which dose the surviving animals were active for 2 to 2.5 hours. 

EXPEnrMENTAD STUDIES IN MAN 

The comparative valuation of the central nervous system effects of com- 
pounds in man may well be expected to be quite different than in animals 
having lesser degrees of integration of the central nervous system. Com- 
pounds that exhibit a considerable degree of action upon the cerebral cortex 
might be expected to act more evidently in man, in whom cortical control 
exerts a greater dommance, than in the usual laboratory animals. The more 
complete cooperation of the experimental subject in remaining in a steady 
state may also be expected to contribute to the precision of such studies. 

Observations on circulatory effect and subjective impressions of central 
effect were carried out with two normally healthy persons who lay supine 
during the period of observation of blood pressure and pulse rate. The 
compounds were administered completely dissolved in water, about two hours 
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table 1 


Activity after Oral Adinintsiratton *n iT/an 
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a P 1 


COM»OU?fO 
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TO 
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G A 


PhenyJigoprop>l' 
amine sulfate 

10 

20 

50 

’ 114-61/74 

114-68/72 

118-72/68 1 

130-S4/G1 i 
I (120 mm ) ' 

130 S4/64 
(120 min ) j 
J70-94/52 1 
(100 mm ) 1 

4 

4 1 
>8 

Stimulation 

Stimulation, sleeplessness 

Stimulation, sleeplessness 

Thienjlisoprop 3 l- , 
amine sulfate 

10 ; 

114-64/68 ; 

122-78/62 
(120 mm ) 

3 : 

No stimulation, no sleep- 
lessness 


20 

116-6S/74 ! 

i 

120-70/74 
(40 mm ) 

3 

1 

No stimulation, no sleep- 
lessness 

Furylisopropjl- 
aniinc sulfate j 

20 

120-70/6S 

i 

126-78/72 
(50 mm ) 

3 

1 1 

No effect 


50 1 

122-6S/70 j 

114-74/68 
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! - i 
1 1 
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Phen>lisopropyl- 
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10 

' 20 

40 

, I 26-82/72 
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No marked stimulation 
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10 
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1 

>3 
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20 1 
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No stimulation 


50 1 
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Purylisopropil- 
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20 1 

1 
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(30 min ) 
130-08/76 1 
I (100 mvn ) 1 

1 i 

2 5| 

1 

Temporary stirauhtion 
during maximum rise of 
B P (ca 1 hr ) 


50 

122-SS/70 

1 

IJ0-76/S0 
[ (140 mm ) , 

>3 

No stimulation 
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after a light morning meal, and lunch was postponed until the end of the 
observations. Both persons have had considerable experience mth adminis- 
tration of phenisopropylamine in various dosages, and their subjective 
impressions were comparative to this compound. Alertness, talkativeness, 
feelings of awareness, and anti-sleep effects were considered as the indices of 
the central stimulant effects. 

The data in table 1 indicate the thienyl- and fur3d-isopropylamines to be 
much less active as pressor agents than is phenisopropylamine Indeed, in the 
case of G. F., there was a doubtfull}^ significant lowering of blood pressure 
during the periods following administration of the furyl- or thienjd- com- 



PiG. 3. Ergogbaph Fatigue Records. Repeated at 15 Minute Intervals and 
Continued for Six Hour Period. Middle Finger of Left Hand 

Upper tracing: Ay initial 2 hour control period B, 2 hour period following 20 mgm. 
thienylisopropylamine sulfate. C, subsequent 2 hour period following 10 mgm. phen- 
isopropylamine sulfate. 

Lower tracing: A, initial 2 hour control period. By 2 hour period following 50 mgm. 
furylisopropylamine sulfate. C, subsequent 2 hour period following 10 mgm. phcmso- 
propylamine sulfate. 

pounds. There were no notable central nervous sj'^stem stimulant effects in 
G. A. following the thienjd or fur^d compounds. In G. F., whose circulatory 
stability is not great, a slight effect from 20 mgm. of the furyl compound did 
appear to result in the trial reported, though no effect was apparent follovdng 
50 mgm. of the same compound, or after 20 mgm. when sitting up during the 
observational period. It is clear from these observations that neither thienjd- 
tior furyl-isopropylaminc are at all closely comparable to phenisopropylamine 
in their circulatory or central effects in man. 

To confirm subjective observations as to the relative lack of central nerv^ous 
system effect of the thienyl- and furyl-isopropylamines, observations were 
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made \Mtli regard to the effect of these substances and of phcnisopropylaminc 
upon patelhr reflc\ (knee jerk) activitj, and also upon voluntary muscular 
fatigue of the middle finger of the liand, as moa'suicd upon an ergograph 
The studies of Reid (8) on the mechanism of % oluntarj muscle fatigue appear 
to establish the cause of such fatigue to be a depression of central nenous 
system mechanisms For the pre'^ent studios records of knee jerk actuity 
and rate of \oIuntar> fatigue of the middle finger of the hand were made at 
fifteen mmute intervals for a two hour initial control period then for two 
hours following the compound to be tested and then for two hours following 
the administration of phenujopropjlamme sulfate in an amount which had 
previously been established as an cffectii c do»age of this compound 
Knee-jerk activity records on both expeiimcntal persons showed no changes 
following the administration of as much as 20 mgm of thienyhsopropylamme 
sulfate or of as much as 50 mgm of fury Iisopropy laminc sulfate In contrast 
to this, an increase in knee jerk activity was commonly observed following 
20 mgm phenisopropy lamine sulfate 
As shown in figure 3 for G A , no definite effects of 20 mgm thienyliso 
propylamine sulfate or of 50 mgm fury Iisopropy lamine sulfate upon ergo 
graphic work production were observed, though a following administiation of 
but 10 mgm of phenisopropy lamine sulfate caused a marked increase in 
crgographic work output after about 30 xmnutos and the effect lasted more 
than 2 hours Similar obscr\ations were made with G F , and there can be 
no doubt that the thienyl and fury 1 isopropy lamincs are relatively ineffectii c 
central nervous system stimulants witli respect to voluntary muscle fatigue 
phenomena 


DISCUSSION 

If we u‘!C pressor activity followong intravenous injection m anesthetized 
dogs as the criterion for relativ e physiological activ ity, phenisopropylamme 
and tiuenyiisopropy famine arc very comparable or possibfy^rdentrcaf, as was 
stated for the relationship between phenethy lamine and thienylcthy lamine 
by Gunn Fury lisopropylamme, however, is less active as a pressor agent 
than the other two isopropy lamincs and its initial depressor effect that can 
be diminished by atropine suggests that it also has a parasympathetic type of 
activity, and this type of activity is very notable when the compound is 
studied with respect to its actions upon isolated intestine 

Upon isolated rabbit ilcura and colon all three isopropj lamincs m proper 
concentrations cause contraction effects which may be considered to be a 
paiasy mpathetic stimulant type of actmty, particularly because the response 
may be abolished by pretreatment with a proper mol ratio of atropine This 
type of activity is most notable with fury I isopropy lamine, and thi* compound 
differs quite considerably from thienyl or plicnyl isopropy lam ines m respect 
to its action upon isolated mtcstine As with pheni'^opropy lamme or its 
optical isomers (lb), the mechanism of action of furyh'^opropylaminc is not 
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clear because it also exhibits antagonism to the relaxant effects of epinephrine 
or the stimulant effects of acetylcholine in about the same dosage range in 
which it appears to exert a direct parasympathetic stimulant effect. 

The most noteworthy aspect of the physiological activities of phenisopropyl- 
amine is its notable stimulation of functional parts of the central nervous 
system in man with doses that exert a relatively slight action upon the 
circulation or upon the intestinal musculature. Several attempts have been 
made to establish experimental technics with laboratory animals that would be 
analogous to effects in man and serve to value quantitatively such activities 
of phenisopropylamine and related compounds. A most extensive studj-^ of 
this kind is that of Schulte, Reif, Bacher, Laivrence and Tain ter (9) who 
mechanically recorded the motor activity of rats folio vang subcutaneous 
injection of some seventy-five compounds. Among these compounds, phen- 
ethylamine and thienylethylamine (thiophenethylamine) were reported upon, 
and from the data it would appear that although thienyl in any dosage did 
not cause as much motor effect as did phenethylamine, the threshold dose of 
the thienyl compound was only one-eighth that of the phenyl compound. A 
gi'eater and longer-lasting effect was obtained vith thienylethylamine Avith 
but one-quarter the optimum dose of phenethylamine, and in terms of a 
calculated therapeutic margin (fatal dose/threshold dose), thienylethylamine 
was found to be about sixteen times as effective as a central stimulant agent. 

Our own observations with small animals were carried out in a manner 
similar to that used by Gunn and Gurd (5), using mice and making simulta- 
neous visual observations of the motor activity effects of the control and 
studied compounds. Satisfactory precision of observation is obtained under 
such conditions, but no great difference was observed between the intensity 
of the effects of the phenyl- and thienyl-isopropylamines, although the dura- 
tion of action of the thienyl compound was definitely less prolonged. Also, 
contrary to the relationship reported by Schulte et al., the calculation of 
therapeutic margins for the phenyl- and thienyl-isopropylamines would show 
them to be nearly the same. 

In any case, since the central stimulant effects in mice or rats can only be 
noted wth dosages that closely approach the lethal range, such animal 
experiments can only doubtfully be translated to indicate probable central 
effects in man, and the direct experiments in man are of special interest. In 
these direct experiments, it became apparent that there are very considerable 
differences in the central nervous system effects of phenyl-, thienyl- and furyl- 
isopropylamines. It maj^ be that a further increase in the amounts adminis- 
tered of the thienyl- and .furyl-isopropyl amines would establish some 
detectable central stimulant or depressant effects of these compounds, but 
the observations were sufficiently extended to conclude vith certainty that 
these compounds are considerably less active agents than phenisopropylamine 
on the central nervous system of man when using the reported methods of 
observation. 
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SUMMARY 

1 In dogs under ether or pentobarbital anesthesia, pheii}!- and thien}!- 
isopropjlamines injected intra%enou'!ly induce pressor effects \ery closel} 
similar as to intensit> and duration About three times as much fuiyl- 
isopropylamine is required to produce an equally intense pressor response, and 
a preceding depressor effect, Mhich can be antagonized b) a proper mol ratio 
of atropine, ma> occur 

2 On isolated rabbit intestinal strips, these three isopropj lamines in 
minimally actne concentrations induce an increase in tone that may be 
prevented bj pretreatment with equal molal concentrations of atropine 
With greater concentrations, all three compounds act to decrease tone, but the 
range of dosage m which furyl-isopropjlamine acts only to increa‘?e tone is 
much greater than foi phenj I- or thienj I-isopropj 1 amine 

3 Phenyl- and thienjl-isopiopjlammes injected intrapentonealh into 
mice m nearly lethal dosages are more active motor stimulants than furjl- 
isoprop 3 ’lamine, and the thienyl compound has a shorter duration of action 
than phemsopropj lamme 

4 Thienjlisopropj lamme injected mtraperitoneallj into mice is 8 lightl 3 ’' 
less to\jc than the phenjl compound, and furylisopropylammo is but about 
one-fourth as toMc as the other two compounds 

5 Orallj administered to man, phenisopropylamine is verj considerably 
more active as a circulatory stimulant and as a central nervous sjstem 
stimulant, though these two actuitics appear unrelated 

The authors wish to express here their indebtedness and thanks to Drs 
Glenn E Ullyott and George H Connitt, of the Smith, Kline French 
Laboratories, Philadelphia, for samples of the furyl- and tlncnj4-isopropyI- 
amines, and to Mildred A Shull, Pasadena, for much help wath the experi- 
mental studies here presented 
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clear because it also exhibits antagonism to the relaxant effects of epinephrine 
or the stimulant effects of acetylcholine in about the same dosage range in 
which it appears to exert a direct parasympathetic stimulant effect. 

The most noteworthy aspect of the physiological activities of phenisopropyl- 
amine is its notable stimulation of functional parts of the central nervous 
system in man ^vith doses that exert a relatively slight action upon the 
circulation or upon the intestinal musculature. Several attempts have been 
made to establish experimental technics with laboratory animals that would be 
analogous to effects in man and serve to value quantitatively such activities 
of phenisoprop 3 damine and related compounds. A most extensive study of 
this kind is that of Schulte, Reif, Bacher, La\vrence and Tain ter (9) who 
mechanically recorded the motor activity of rats follomng subcutaneous 
injection of some seventy-live compounds. Among these compounds, phen- 
ethylamine and thienylethylamine (thiophenethylamine) were reported upon, 
and from the data it would appear that although thienyl in any dosage did 
not cause as much motor effect as did phenethylamine, the threshold dose of 
the thienyl compound was only one-eighth that of the phenjd compound. A 
greater and longer-lasting effect was obtained vith thienjdethylamine vith 
but one-quarter the optimum dose of phenethylamine, and in terms of a 
calculated therapeutic margin (fatal dose/threshold dose), thienylethylamine 
was found to be about sixteen times as effective as a central stimulant agent. 

Our own observations \vith small animals were carried out in a manner 
similar to that used by Gunn and Gurd (5), using mice and making simulta- 
neous visual observations of the motor activity effects of the control and 
studied compounds. Satisfactory precision of observation is obtained under 
such conditions, but no great difference was observed between the intensity 
of the effects of the phenyl- and thienyl-isopropylamines, although the dura- 
tion of action of the thienyl compound was definitely less prolonged. Also, 
contrary to the relationship reported by Schulte et ah, the calculation of 
therapeutic margins for the phenyl- and thienyl-isopropylamines would show 
them to be nearly the same. 

In any case, since the central stimulant effects in mice or rats can only be 
noted with dosages that closely approach the lethal range, such animal 
experiments can only doubtfully be translated to indicate probable central 
effects in man, and the direct experiments in man are of special interest. In 
these direct experiments, it became apparent that there are very considerable 
differences in the central nervous system effects of phenyl-, thienjd- and furyl- 
isopropylamines. It may be that a further increase in the amounts adminis- 
tered of the thienyl- and ,furyl-isopropyIamines would establish some 
detectable central stimulant or depressant effects of these compounds, but 
the observations were sufficiently extended to conclude with certainty that 
these compounds are considerably less active agents than phenisopropylamine 
on the central nervous system of man when using the reported methods of 
observation. 
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( 3 ) 


<3>_i-N_Cl 

C^O + 2HjO + 4HI ■ 


^ I ko 


0=C~N— Cl 0=C-~N*-H 

+ 2Ha + 2H2O + 2Ij 


(4) 4 Na-S 203 + 21, 4NaI + 2Na,S*Oq 

The reaction equihbnum m equation (2) i3 toward the right but when 
hydnodic acid is present (pota^isiuni iodide dissolved in acetic acid) to take 
up the chlorine, the reaction is rcvei^ed in the folloiving manner 
— N— Cl + H,0 ^ — N— H + HO Cl 

I I 

and HOCl + 2HI * HCI + H,0 + I, 


It follows that 

Mol wt of diphenylhydantom _ 4 Mol wt of NajSaOa 
Wt of diphenylhydantom Wt of Na 2 SiOj per cc 

From the above equations it will be noted that one cubic centimeter of a 
01 N solution of sodium thiosulfate is equivalent to 6377 milligram of 
diphenylhj dantoin 


PROCEDURE 

Unne BpecimeTis arc acidified and the diphenylhydantom extracted directly with ether 
in a continuous extractor without previous treatment with a precipitating agent Tis 
sue specimens are macerated and digested m 40 per cent acetic acid for 24 hours After 
the precipitation of the proteins with sodium tungstate theniatensl is filtered through a 
BOchner funnel using ordinary filter paper Th^ residue is again digested in40 per cent 
acetic acid for 24 hours and filtered This process is repeated a third time to remove the 
last trace of the drug It is usually necessary to add a small amount of sodium tungstate 
before the second and third filtrations The combined filtrates are treated with concen 
trated sodium hjdroxidc until they are but slightly acid to litmus and then are extracted 
nith ether in a continuous extractor The crude extract is evaporated to dryness on a 
water bath and transferred by washing with a minimum amount of chloroform to a 200 
cc centrifuge cup or a large test tube Chloroform is preferred to ether for this transfer, 
because of the low solubility of water m this solvent and consequently a minimum 
amount of salts are transferred with the diphenylhydantom The chloroform is then 
completely evaporated and the diphenjlhydantoin is dissolved in a minimum amount 
(approximately 5 cc ) of dilute sodium hydroxide solution Chlorine gas is passed slowly 
through the solution for approximately one half hour to insure complete chlorination 
The excess chlonne is removed by directing a jet of air over the surface of the solution 
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The hypochlorous acid and sodium hj^pochlorite are removed by filtering the solution 
through a 9 cm. quantitative filter paper and washing the container and filter paper with 
three successive portions (approximately 25 cc.) of iced water. The filter paper with 
the ^iphenylhydantoin is returned to the container and dissolved in approximately 50 
cc. of 40 per cent acetic acid. To insure complete solution of the compound it is advis- 

TABLE 1 


Recoveries of diphenylhydanioin from pure solutions and urine 


ilATEHlAI, 

quantity 

MILUORAMB 

added 

MILLIQBAMS 

recovered 

PER CENT 

recovered 

Water 

cc. 

600 

20.0 

20.0 

100.0 

Water 

500 

25.0 

24.2 

96.8 

Water 

600 

50.0 

48.6 

96.4 

Water. 

1000 

6.8 

6.4 

94.5 

Water 

1000 

36.4 

36.6 

100.4 

Urine 

1000 

20.0 

20.2 

100.9 

Urine 

1000 

10.0 

10.1 

101.0 

Urine 

1000 

15.0 

14.5 

96.7 

Urine 

1000 

20.0 

18,9 

94.5 

Urine 

1000 

30.0 

28.6 

95.3 

Urine 

1000 

15.0 

14.6 

97.3 


TABLE 2 


Recoveries of diphenylhydanioin from tissues 


MATERTAT. 

quantity 

milligrams 

added 

MILLIGRAMS 

RECOVERED 

PER CENT 
RECOVERED 

Blood 

grams 

20 

5 

4.3 

86.0 

Blood 

20 

10 

8.6 

86.0 

Blood 

20 

1 

1.05 

105.0 

Blood 

20 

5 

4.34 

86.8 

Blood 

20 

4 

4.12 

103.0 

Blood 

20 

5 

4.78 

95.6 

Blood 

20 

3 

3.01 

100.3 

Blood 

20 

4 

3.72 

93.0 

Blood 

20 

5 

5.24 

104.8 

Blood 

120 

10 

10.2 

102.0 

Muscle 

300 

25 

23.0 

92.0 

Liver 

100 

10 

11.5 

115.0 

Tovftr 

107 

15 

15.0 

100.0 

Brain 

16 

5 

5.0 

100.0 

Kidney 

41 

5 

4.7 

94.0 


able to stopper the container and shake it vigorously until the filter paper is completely 
broken up into a fine pulp. The material adhering to the stopper and the sides of the 
container is washed down with water. Forty per cent acetic acid was found to be the 
optimum concentration which would insure the complete solution of the compound and 
not liberate iodine from potassium iodide. Approximately 0.3 gram of potassium 
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iodide (free from lodatee) is added and the liberated iodine is titrated n ith 0 01 N sodium 
thiosulfate One cubic centimeter of the sodium thiosulfate is equivalent to 0 6377 mgm 
of diphenylhj dantoin 

Diphenjlhydantoin and the dichloro derivati\e are \erj soluble in ether, chloroform 
and acetic acid and relatively insoluble in 'natcr One milligram of the dichloro den\a- 
tive 18 soluble m 100 cc ofwaterat25*C Itslon solubilitj in water permits the removal 
of the excess chlorine and hypochlorous acid by washing iMlh water w ithout a significant 
loss It also permits the separation of the diphenjlhydantoin from certain other inter- 
fenng compounds such as uric acid, theobromine, theophjlline and the common 
barbiturates The chlonne derivatives of these latter compounds are quite soluble m 
water and remain in solution during the chlorination process Twenty milligrams of 
unc acid, theobromine or theophylline gave negative results, while quantities of luminal 
or barbital up to ten milligrams added to the specimens did not increase the readings 
Larger amounts of the barbiturates will produce high results, but not in proportion to 
the amount of barbiturate present Llank determinations on ether extracts of one 
liter of normal unne vary between zero and one milligram of diphenylhydantoin Simi- 
lar determinations on two hundred grams of normal tissue gave negative results 

EESUI/rS 

The technic was tested by recovering knowTi quantities of diphenyl- 
hydantoin from pure solutions, urme, and tissues The recoveries from pure 
solutions and unne are given in table 1 Table 2 gives the recoveries from 
blood and other tissues to indicate the adequacy of the method for clinical and 
experimental purposes While the percentage error is relativelj large in 
some cases when dealing with less than 10 mgm , the absolute error is within 
±1 (one) mgm and should meet the requirements for climcal u'se 

CONCLUSIONS 

1 A method for the determination of 6^6 diphenylhydantoin is described 
Recoveries of ±one milligram are obtainable, which should meet the require- 
ments for climcal and experimental studies 

2 The technic is specific for the drug under conditions in which it will 
usually be employed 

3 If circumstances require that the compound be identified specificallj , 
the diphen} Ihj dantoin or its dichloro derivative can be purified by 
sublimation 
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No analytical data are available on the rate of detoxification of 5,5 di- 
phenylhydantoin or on its distribution in the tissues except that contained 
in the preliminary report from this laboratory (1). Data on laboratory 
animals pertinent to the question of whether or not a predilection of any 
tissue for the drug exists and whether or not there is a tendency of the drug to 
accumulate in the body after repeated doses should be of value in connection 
with the occasional development of manifestations of toxicity noted in its 
■clinical use. To investigate this problem, the method of analysis described 
by Kozelka and Hine (2) was employed. 

PROCEDURE 

To insure a quantitative administration of the drug, a purified acid form (M.P. 
296°C.) was employed and the solution checked titrimetrically with the technic pre- 
viously described. This solution contained 10 mgm. of the drug per cc. and had a pH of 
approximately 10.5, Dosages of 50 mgm. per kilogram of body weight were administered 
intravenously. Two groups of six rabbits each were sacrificed at one-half, four, eight 
and twelve hours, respectively, after the injection. The tissues from each group were 
pooled and duplicate determinations were made on each tissue except the brain. Only 
one determination was made on the pooled brain tissue from each group because of the 
limited amount of material available. It has been our experience that when freshly 
removed tissues containing diphenylhydantoin were permitted to remain at room tem- 
perature for several hours, some of the drug disappears. It was necessary, therefore, 
that the tissues be treated with 40 per cent acetic acid immediately after removal from 
the body to prevent this postmortem destruction. 

In order to determine whether or not the drug accumulates in the body after repeated 
-doses, five groups of eight rabbits each were used. Each animal in the first group 
(controls) received 300 mgm. of diphenylhydantoin orally and was sacrificed twenty-four 
hours after the administration. Each animal in groups 2, 3, 4 and 5 received orally 300 
mgm, of the drug daily for seven days. Groups 2 and 3 were sacrificed twenty-four 
hours after and groups 4 and 5 forty-eight hours after the last administration. The 
tissues from each group were pooled and duplicate analyses made on each tissue except 
the brain. 

RESULTS 

The concentration of the drug in the tissues at the various time intervals is 
shown graphically in figure 1. Each point on the graph represents an aver- 

1 Aided by grants from the Wisconsin Alumni Research Foundation. 
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age of four determinations on two groups of animals. Excellent checks were 
obtained on the duplicate determinations. The maximal variation was 0.5 
mgm. per cent on the larger quantities (10 mgm. or more of diphenylhydan- 
toin) and 0.1 to 0.3 mgm. per cent when smaller quantities were involved. 



Fig. 1. Concentration or Diphentlhtdantoin in the Tissues at the Various Time 
Intervals after the Intravenous Administration of 60 Mom. per Kilogram 

It will be noted that at the one-half and four hour intervals after the injection, 
the relative concentrations decrease in the various tissues in the order listed, 
viz., liver, brain, kidney, blood and muscle. 

The concentration of the drug in the liver was considerabl}' higher than 
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in the other tissues during the first ten hour period; in the brain and kidney 
it decreased rapidly from the early peak during the first four hour period but 
continued to remain slightly higher than in the blood and muscle. The con- 
centration of the drug found in blood and muscle was approximately the same; 
it was slightly higher in the blood at the one-half and four hour periods and 
slightly higher in the muscle at the twelve hour period. It appears from the 
rate at which the diplienyihydantoin disappeared from the tissues during the 
observed twelve hour period that sixteen hours would be approximately the 
time required for complete disappearance of the drug. 

The results of the analysis of the various tissues after the oral administra- 
tion of a single dose and after repeated doses are given in table 1. It nill be 
noted that the concentration of the drug in all the tissues in groups 2 and 3 
is appreciably higher than in group 1. This suggests that there is a tendenc}" 
for the drug to accumulate in the body, particularly in the brain. 

TABLE 1 


Concentration of diphenylhydanloin in Tnilligrams per cent in the various tissues after the 
oral adminisiraiion of a single and repeated SOO ntgrti. doses 



AVEHAOE or OROtrp 1 

1 AVSRAOK OF dttOVPa 
/ S AND 3 

avehaoe or csoups 

4 AN1B 5 


tnffm. per cent 

mfffn. per cent 

wpm. per cent 

Liver I 

1.23 

4.2 i 

1.6 

Brain I 

1.27 

8.7 

1.8 

Kidney 

I 0.58 

2.1 

0.79 

Blood 

0.20 

0.82 

0.17 

Muscle 

0.24 

0.89 

0.11 


DISCUSSION 

The results obtained in this investigation indicate that diphenyl- 
hydantoin is destr 03 ’'ed rather slowly and that after repeated doses there is a 
tendency for the drug to accumulate in the bod^^ particularly in the brain. 
While no information is available as to whether or not a similar accaniulathn 
occurs in man receiving the usual therapeutic doses, the occasional develop- 
ment of toxic manifestations noted in its clinical use may be due to the slow 
rate of destruction. Merritt and Putnam (3), Kimball and Horan (4) and 
Hodgson and Reese (5) observed that certain toxic manifestations, such as 
ataxia, dizziness and blurring of vision, disappear on temporary discontinua- 
tion of the drug. Merritt and Putnam report that 0.6 gram is the maximal 
quantit}'^ which can be detoxified in a twenty-four hour period since this 
amount is tolerated by only a small percentage of the patients wijen given 
dailjv These observations indicate that the drug is eliminated rather slowly 
in man and that it may accumulate in the body if a certain dose is exceeded 
That the accumubtion of the drug may be exceedingly slow is indicated b> 
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the /act that some of the toxic manifestations occur onij after several montlis 
of therapy 


SLMMATIV 

Data on the relative distiibution of diphenjlhydantoin m rabbit tissue and 
the rate of its disappearance from the bod> are presented The relative 
concentrations in the various tissues decrease m the order listed, viz, h\cr, 
brain, kidney, blood and muscle ApproMraatelj' sLxteen hours are required 
for the drug to disappear from the bod> 'ivhen administered intravenously 
in a dose of 50 mgm per kilogram of body eight After the repeated oral 
administration of relatn el) large dail) doses, there is e\ idence that the drug 
accumulates m the tissues, particular!) m the brain 
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Metrazol is being used rather extensively in clinical medicine both as an 
analeptic and as a convulsant drug for the treatment of schizophrenia. For 
this reason, it seemed pertinent to study the distribution of this drug in the 
body and to obtain some information concerning the factors influencing its 
detoxification and elimination. In order to make such a study, it was essen- 
tial to have available a satisfactory method for the quantitative determination 
of metrazol in biological material. 

Leppert (1) reported a method utilizing the precipitation of metrazol with 
mercuric chloride; however, we found that this mercuric chloride-metrazol 
complex is not sufficiently insoluble to permit satisfactory quantification from 
biological material when small quantities are involved- Esser and Kuhn (2) 
extracted metrazol with alcohol from tissues acidified with sulfuric acid. 
The metrazol was then purified by reextractions with chloroform from 
aqueous solutions of the drug. Since alcohol is a rather general organic 
solvent this method lacks the specificity required for such a study. Zwikker 
(3) observed that metrazol combines with cuprous chloride to form a rela- 
tively insoluble compound and used this reaction as a basis for the determina- 
tion of the drug. According to Hinsberg (4), this method is not applicable to 
organic extracts since pure precipitates cannot be obtained. This author 
found that precipitation of metrazol with phosphotungstic acid effected a 
complete precipitation of the drug and was quite satisfactory'” for quantifica- 
tion when employed on pure solutions of the drug but was unsuitable when 
applied to extracts of biological material. Stewart (5) modified the Zwikker 
method, using cupric chloride in place of cuprous chloride which formed 
characteristic crystals \vith metrazol. He applied this method only to 
qualitative determinations. 

In a search for an adequate method, it was found that with a few modifica- 
tions the method for the determination of barbiturates reported by Kozelka, 

' Aided by grants from the Wisconsin. Alumni Research Foundation. Preliminary 
reports before the American Pharmacological Society at Toronto (1939) and New' Or- 
leans (1940). 


284 



PATE OF METRAZOL V 


285 


Jvelson and Tatum (6) could also be used for the determination of metrazol 
The tissues are digested in 20 pei cent acetic acid and the proteins precipitated 
with sodium tungstate The metrazol* is extracted from the neutralized 
tissue filtrate by continuous extinction with ether and purified bj micro- 
distillation under reduced pressure in the sublimation apparatus The small 
amounts of lipoidal material present arc remo\ ed bj dissoh mg the metrazol 
m 5 to 10 cc of distilled water and filtering this solution through a wet filter 
paper The water is then evaporated and the pure metrazol weighed Melt- 
ing points of the recovered products corresponded with the accepted v alue for 
metrazol When the quantitie& found were too small to be accurately 

TABLE 1 


Recoveries of metrazol front £00 gram rats after the intra'pentoncal injection of larymg 
quantities of the drug and from tissues to which known quantities have been added 


BATtI 

AUOUMT miZCTED 

tzn cent REcovsneo 

1 

msm. 

100 

95 8 

2 

50 

96 4 

3 

10 

89 0 

4 

50 

99 0 

£ 

50 

90 6 

6 

50 

92 0 

7 

46 

93 7 

8 

46 

95 8 

9 

70 

97 0 

10 1 

93 

94 1 


TI3BUC 

1 WEionT Or timu* 

1 AMOUNT added I 

rtn CENT becovejizd 


(rami 

ntffm ' 


Blood 

200 

35 

9i 3 

Muscle 

200 

50 1 

96 0 

Muscle 

200 

75 1 

96 6 

Liver 

180 

100 , 

93 7 


determmed gravimetncally, the mouse bio assaj method w'as employed 
The results which were obtained with this method are indicated on the 
graphs It was found that one milligram is the minimal convulsant dose 
when injected intraperitonealli mto a 20-gram mouse Recoveries ranging 
from 89 to 99 per cent were obtained by the gravimetric technic when rats 
were injected intrapentoneallj with varjing amounts of the drug and sacri- 
ficed within fiv e ramutes after the injection Rccov eries were also made from 
tissues to which different quantities of metrazol were added The recoveries 
from rats and from the tissues are summarized in tabic 3 

* The metrazol used jn these studies was generous^ donated by The Bilhuber Knoll 
Corporation 
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DISTRIBUTION AND BATE OF DETOXIFICATION 

In order to determine the distribution and rate of detoxification of metrazoly 
the drug content of pooled specimens of blood, liver, muscle and brain from 
rabbits in groups of five was estimated at hourly intervals ranging from 15 
minutes to 4 hours and 15 minutes after the injection of the drug. The 
metrazol was given intravenously in doses of 50 mgm. per kilogram. Two 
groups of animals were employed at each time interval and duplicate deter- 
minations were made on the blood, liver and muscle in each group. The 
results of these analyses are sho\\Ti in figure 1. From these data it is apparent 
that metrazol is uniformly distributed in the tissues analyzed and that none 



TIME IN MINUTES 

Fig. 1, CoNCENTRATiox OF Metbazol in the Tissues at the 135 and 255 Minute 
Periods Was Determined by the JIouse Bio-Assay Method 

of them shows any particular affinit}’^ for the drug. This uniform distribution 
was found to be maintained as long as metrazol could be detected in the tissues. 

RATE OF DETOXIFICATION 

Hildebrandt and IMugge (7) determined the rate of detoxification of 
metrazol in the rabbit by means of continuous intravenous injection. They 
obtained a rate of 0.85 mgm. per kilogram per minute, whereas Werner and 
Tatum (8), in a similar tj'pe of experiment, reported a rate of 0.21 mgm. per 
kilogram per minute. The latter investigators employed a longer period of 
injection than did Hildebrandt and Mugge and consequently a lower average 
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conccnf ration of the drug maintained m the ammals during the penod of 

observation 

Bj means of the concentration of metrazol found m the tissues at hourl} 
intervals, we were able to calculate the rate of detoxification during these 
intervals For the first period (between 15 minutes and 1 hour and 15 mm 
utes after the drug had been given) the rate was found to be 0 86 mgm per 
kilogram per minute During the second hour the rate dropped to 0 65 
mgm per kilogram per minute, and during the third and fourth hours it 
averaged 0 OS mgm per kilogram per minute Thus, it can be seen that the 
rate decreased as the concentration of the drug m the tissues decreased and 
that the rates reported bv Hildebrandt el al and Werner et at are within 
this range 

EXCRETIOV or METRAZOL 

Leppert (1), Gran6r and Santesson (9) and Schulte (10) concluded that 
in the dog and man little, if an>, metrazol is excreted unchanged by the 
kidnev Hmsberg (4) reported that the drug was probably excreted by waj 
of the gastrointestinal tract, possiblj in combination wnth colloidal material 
This conclusion is not supported b^ ex-penmental data 

In order to reinvestigate this question urine and feces from both dogs and 
man were examined for the presence of metrazol One dog received 3 1 
grams of the drug m the course of 72 hours bj repeated subcutaneous injec- 
tions The urine was collected throughout the 72 hour period and for 24 
hours after the last injection of the drug had been giv en No metrazol could 
be detected in the urine The second dog received a total of 9 5 grams of the 
drug within a penod of 15 hours This animal was protected against con- 
vulsions b> barbital Both the urine and the fecal material were collected 
for a period of 36 hours after the last metrazol had been injected The urme 
contained onlv traces of the drug Since it has been suggested that metrazol 
Tiwght bTi e\CTetwl in a eonjwgated form WT^ne was hydrolyzed by boibng 
for two hours v\ith 10 per cent HCI after the first ether extraction and was 
then rccxtracted This second extract contained no metrazol The fecal 
material was dried prior to its extraction with ether and with absolute alcohol 
No metrazol could be detected in this material 

The unne of six patients receiv ing from 400 to 1800 mgm of the drug within 
a 10 hour period was collected for 48 hours and examined for metrazol 
Onl> traces could be detected IMetnzol added to normal unne was recovered 
qumtitativ el} The 48 hour fccal specimens from two of the patients receiv 
ing 1200 and 1800 mgm , respectiv el} , w ere examined and no trace of metrazol 
could be detected 

SITE OF DETOXIFICXTJON 

The site of detoxification of metrazol has been the subject of considerable 
controv ersj This question is of chnical importance •since preexisting pathol- 
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ogy of the organ or systems responsible for the detoxification might contra- 
indicate the use of this drug. Voss (11) reported that the kidney was the 
principal site of detoxification. This conclusion was based on the fact that 
when 60 per cent of the convulsant dose was administered twice at intervals 
of three hours to bilaterally nephrectomized rats, convulsions were observed 
in all of the animals. He concluded further that the kidney was not the only 
site of detoxification because when the interval between the injections was 
increased to six hours, only 50 per cent of the rats developed convulsions. 
Hidder (12) was unable to show any detoxification of metrazol by perfusing a 
solution of this drug through livers of either warm- or cold-blooded animals 
and concluded that the liver was not the site of detoxification. These results 
are indecisive because controls were not made ^vith substances kno^vn to be 
destroyed by the liver. 

To study this problem, four series of six rabbits each were used. All the 
animals received 200 mgm. of paraldehyde per kilogram intravenously fol- 
lowed by 125 mgm. of metrazol per kilogram by the same route. The paralde- 
hyde was used for the purpose of raising the tolerated dose of metrazol in 
order that more of the material might be available for the anatyses. To 
determine the rate of detoxification under these conditions, the rabbits in the 
first series were sacrificed 10 minutes after the administration of the drug, 
and those of the second series 3 hours after the injection of the metrazol. The 
metrazol content of the blood, liver and muscle was determined at these two 
time intervals. These values were considered as the controls for this par- 
ticular study. To study the r61e played by the kidney, the rabbits in the third 
series were bilaterally nephrectomized during ether anesthesia. After the 
animals had completely recovered from the effects of the ether, they received 
the same dose of paraldehyde and metrazol as the control series, and the 
metrazol content of the tissues was determined 3 hours after the drug was 
injected. In the fourth series, the animals received orally 0.5 cc. per kilogram 
carbon tetrachloride for three consecutive days. In previous work (13) it 
was found that this procedure produced a 50 per cent decrease in the function- 
ing capacity of the liver as measured by the bromsulphalein test. On the 
fourth day these animals received the paraldehyde and metrazol and the 
concentration of the metrazol was determined 3 hours later. Results of these 
experiments are shown in figure 2. It will be noted in the control group that 
there is a marked drop in the concentration of the drug during the three hour 
interval after the injection, indicating a rather rapid detoxification of the drug 
during this period. Similarly, the concentration of metrazol found in the 
tissues of the nephrectomized animals at the end of three hours is practically 
the same as that found in the control group at the same time interval, indi- 
cating that the detoxification mechanism had been uninfluenced by the re- 
moval of the kidneys. On the other hand, the concentration in the tissues 
from the rabbits which had been treated tN-ith carbon tetrachloride was only 
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slightlj lo\vci at the end of the three hour period than that found in the 
controls ten minutes after the injection This i\ould indicate that the 
detovification mechanism had been drastically interfered yith and that verj 
little metrazol had disappeared from the tissues during the three hour period 
This e\idence indicates conclusivel> that the kidne>s ha\e little or no effect 
on the detOMfication of metrazol, while parenchvmatous injurj, such as 
produced b) carbon tetrachloride, which is known seriously to affect the 
luer, practically abolishes the process of detoxification These data, pre- 
viously reported by us m 1939 and 1940, were later confirmed by Dille and 
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MINUTES AFTER ADMINISTRATION 

Fig 2 Concentration ofMetbazounthe Tissues of Normal and N ephrectomized 
Rabbits vt the 180 Minute Period Was Determined bv the Mouse Bio 
Assay Method 

Seeburg (14) who employed biological rathei than chemical methods of 
analvsis 


1 A. method for the quantitatii e determination of metrazol m biological 
material is described Recov eries of 89 per cent or better were obtamed from 
rats giv on \ ary mg amounts of the drug The duplicate analy scs of the differ- 
ent tissues analyzed were within 2 mgm per cent of the mean, the majority 
of the determinations being within 1 mgm per cent of the mean Tlie 
recovered metrazol was checked by melting point and mixed melting point 
determinations and found to agree with the accepted value for this drug 
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2. The distribution of metrazol in the blood, liver, muscle and brain was 
determined at hourly intervals and found to be equally distributed in these 
tissues. No tissues analyzed appeared to have any particular affinit}^ for the 
drug. 

3. The rate of detoxification of metrazol was directly proportional to the 
concentration of the drug in the tissues. 

4. Only traces (less than 3 mgm. per 24-hour specimen) of metrazol were 
excreted unchanged in the urine of dogs or man following relatively large 
doses of the drug. No evidence was found which would indicate that metra- 
zol was excreted in a conjugated or easily hydrolyzable form in the urine or 
feces. 

5. The kidney has little or no effect on the detoxification of metrazol, 
whereas the evidence presented indicates that the liver plays an important 
part in this detoxification. 
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The hypothesis that prontosil and neoprontosil had no action as such but 
acted onl> after reduction in the body to sulfanilamide Mas advanced by the 
Tr^fouels, Nitti and Bovet (1) Fuller (2) shoued condusuelj (by isolation 
from urine) that a considerable amount of sulfanilamide is formed iihen the 
“prontosils” are administered, but did not feel that sufficient data were avail- 
able to prove that their activity was due entirely to the sulfanilamide formed 
Glej and Guard (3) found that molecular equii alents of prontosil and sulfanil- 
amide Mere equally effectne on a streptococcus infection m mice, but that a 
carboxj denvatue of prontosil Mas more acti\ e The> used thus as an argu- 
ment against the theory that prontosil acts entirely through sulfanilamide 
Others (4, 5, 6) have found the “prontosils” as actn e as sulfanilamide, m eight 
for M eight Feinstone, Bliss, Ott and Long (7, 8) shoved that molecule for 
molecule neoprontosil and sulfanilamide Mere equal m therapeutic efficiency 
m a mouse streptococcus infection The^ also found that four hours after a 
single dose of molecular equivalents of the tvo drugs the blood concentrations 
of sulfamlamide Mere the same although the blood concentration from sulfanil- 
amide Mas much higher than that from neoprontosil before the fourth hour 
They concluded that in the mouse the action of neoprontosil is due to its 
breakdo^vn to sulfanilamide 

The difficultj in interpreting all of the abo\ e observ ations is due to the fact 
that the drugs m ere given in a single dadj dose Under the'se conditions the 
blood concentration-time curves of sulfanilamide, obtained vhen the “pron- 
tosils” or sulfanilamide are given, are rnarkcdlj different Since \\c do not 
knoM the relative effectiveness of these tMO tjpes of blood concentration- 
time curves, the mode of action of the “prontosils” cannot bo determined 
from such data To prov e that the “prontosils” act soleI> through the sulfa- 
nilamide formed from them in the bodj, it is necessarj to compare the thera- 
peutic response of the “prontosils” Math that of sulfamlamide Mhen the drugs 
art administered in such a manner as to gi\ e identical blood concentration- 

* This investigation has been aided by a grant from The John and Mary R MarUc 
Foundation 
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time curves of sulfanilamide. By the use of the drug-diet method to main- 
tain a more or less constant blood concentration of sulfanilamide throughout 
the period of treatment of a streptococcus infection in mice, we have compared 
the activity of neoprontosil (sodium 4'SuIfonamido-phenyl-;^-azo-7-acetyl- 
amino-f-hydroxynaphthalene 5, d-disulfonate) and sulfanilamide.^ In addi- 
tion, we have established the fact that in mice essentially the same blood 
concentration-time curve of sulfanilamide may be obtained when either 
sulfanilamide or neoprontosil is fed in the diet. 

METHODS 

In order to obtain data relating the blood concentration-time curves of sulfanilamide 
resulting from neoprontosil and sulfanilamide diets two groups of 30 mice each were used. 
One group received 0.1 per cent of sulfanilamide, the other 0.4 per cent of neoprontosil- 
diet. Each group was subdivided into 3 lots of 10 mice each. Each mouse was kept in a 
separate cage in order to measure drug-diet intake per mouse. After 48 hours of feeding 
with the drug-diets, a tail blood sample for estimation of blood concentration of sulfa- 
nilamide was taken from each of the 10 mice in the first lot in each group. Four hours 
later samples were taken from the 10 mice in the second lot in each group; eight hours 
later the third lot in each group was used, and 12 hours later a second set of samples was 
obtained from the mice in the first lot in each group. This procedure was continued for 
24 hours so that two blood samples (12 hours apart) were obtained from each mouse. 
Thus, 120 blood samples for the determination of sulfanilamide were obtained in 12 lots 
of 10 samples each, six lots from each drug. The drug-diet intake was measured for each 
mouse for each 4 hour period. 

The procedure for the collection and treatment of chemotherapeutic data was similar 
to that previously described (9, 10). Three comparisons of the activity of the two drugs 
were made. In the first comparison, 60 mice (CFl strain) were used for each drug; in 
the second and third comparison, 50 and 80 mice (CFCW) respectively were used for each 
drug. Equal numbers of males and females were used on each drug in each experiment. 
The mice ranged from 14 to 22 grams in weight but in any one comparison variation in 
weight was ifc 2 grams. Our former method of treating chemotherapeutic data was 
modified in the present study as follows. The drug intakes from any one diet were 
averaged and this mean value was plotted logarithmically against the probit value of the 
percentage survival of mice on the same diet. This simple procedure eliminated the 
laborious arrangement of individual drug intakes from high to low and their correlation 
with survival or death of the corresponding mice. However, if there is wide variation 
of drug intakes within diet groups, this procedure may be somewhat less accurate. The 
Median Survival Dose (SDso) was obtained by calculation of the regression of probit 
percentage survival on the logarithm of the dose according to the method of Bliss (11). 

The C 203 strain of ,9-hemolytic streptococcus was used to produce the experimental 
infection. After three days of preliminary feeding with the drug-diet, infection was 
obtained by intraperitoneal injection of 0.5 cc. of suitably diluted culture. Drug-diet 
therapy was carried out for three days following infection and surviving mice were kept 
under observation for an additional 27 days. The infections in experiments 1, 2 and 3 
consisted of 200, 3,000 and 7,000 lethal doses, respectively. The average time of death 


» We wish to thank the Winthrop Chemical Company for the neoprontosil and the 
Eli Lilly and Company for the sulfanilamide used in this study. 
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of control mice was 18 hours ranging from 15 to 31 hours Mice ^hose heart culture at 
the time of death rsas negative for 0 bemob tic streptococcus have been excluded from 
the present data Mice whose xntaVe of the drug-diet after infection was less than 0 3 
gram have also been excluded The survival time of these latter mice was the same as 
that of the untreated control mice (15 to 31 hours) 

Blood concentrations of sulfamlamide were determined as previously described (10) 
Since filtrates obtained from the blood of mice receiving neoprontosil bj mouth did not 
contain this drug, sulfanilamide could be accurately determined * In the first thera- 
peutic experiment the factors used to convert Median Survival Doses {S D w’s) to 
Median Survival Blood Concentrations (SBC lo’s) were determined by the previously 
desenbed procedure (10) In the other two expenments the factors were determined 
during the 24 hour period immediately preceding infection, and on the same mice used 
in the therapeutic experiment Factors were detenumed in the second experiment only 
on the mice receiving the drug-diet expected to produce 50 per cent survival, but in the 
last expenment factors were determined on all four diets of each drug 

RESULTS 

In figure 1 arc shown the completely different blood concentration-time 
curves of stilfanilamide obtained when single doses of equimolecular amounts 
of sulfanilamide and neoprontosil are gi\ en per os to mice 

In figure 2 are showm the results of the experiment designed to compare the 
blood concentration-time curve of sulfanilamide from a sulfamlamide-diet 
with that of sulfamlamide from a neoprontosil diet Simple harmomc 
curves were fitted by the method of least squares to the data obtained in this 
expenment * It is evident that wTth properly cho'sen drug-diets of eulfaml- 
ainide and neoprontosil, essentially identical blood concentration time curves 
of sulfamlamide are obtained 

The essential data of the therapeutic expenments are given m tables 1 and 
2 From these data are derued the values given m table 3 The S D jo's 
of sulfamlamide and neoprontosil arc expre*!sed as milligrams per mouse per 
day® but the S B C !o’s are expressed as milligrams per cent of sulfantlarntde 

* The method for the estimation of sulfamlamide is not specific, it determines an> 
arylamme AH of the evidence available indicates that the free arylamine present in 
blood after giving neoprontosil is mainly if not cntirel> , sulfamlamide 

* It was found that when the logarithm of the drug intake per four hour period m this 
experiment was plotted against time of daj a senes of points on a sine curve was ob- 
tained This Bine curve with a 24 hour cycle bad a maximum value at 12 20 a m and a 
minimum value at 12 20 p ro The blood concentrations in this expenment followed the 
same tjpe of curve within expenmental error 

‘When the Median Survival Doses of sulfamlamide and neoprontosil arc calculated 
on a molar instead of a weight basis, the values obtained for neoprontosil for the three 
expenments are 92, 97, and 90 per cent of the corresponding values for sulfamlamide 
(weighted mean 93 ± 14) Thus in the mouse the conversion of neoprontosil to sulfa- 
nilamide IS complete or ncarlj so w hen the drug is fed in the diet 




Fi^ 1. Blood Concentration-Time Curves of Sulfanilamide Obtained by per 
Ural Administration at Zero Hours to Mice op Equimolecular Doses of 
Sulfanilamide (6 mgm.) and Neoprontosil (20.5 mgm.) 

Each curve represents the average of 8 individual curves, each determined on a single 
mouse. Curve with dots (• — •) sulfanilamide from administration of sulfanilamid^e; 
curve with crosses (X — X) sulfanilamide from the administration of neoprontosil. 



Fig. 2. Blood Concentration-Time Curves of Sulfanilamide Obtained prom Mice 
Receiving 0.1 per cent Sulfanilamide-Diet and 0.4 per cent Neoprontosil- 

Diet 

The blood concentration is plotted logarithmically against time of day. The curve 
running between encircled dots (O) is sulfanilamide from administration of sulfanil- 
amide-diet; curve running between encircled crosses (0) sulfanilamide from admin- 
istration of neoprontosil-diet. The six points on each blood concentration-time cun'C 
were obtained by averaging the determinations from 10 mice at that time of day. 
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DATE 

Number 
of mice 

Drug m 
d«t 

Drug m 
take per 
mouse per 
day 

Fer cent 
survival 

Number 
of mice 

Drugm 

diet 

Drugm 
take per 
mouse per 
day 

Per cent 
survival 

6/ 4/40 

19 

0 25 

7 71 

63 

20 

per cent 

1 00 

mpm 

28 3 

75 


19 

0 12 

3 60 

37 

19 

0 50 

14 2 

10 


14 

0 06 

1 79 

14 

17 

0 25 

7 5 

35 

10/ 8/40 : 

10 ; 

0 25 

10 53 

80 

10 1 

1 00 

42 2 

100 


20 ' 

0 12 1 

4 93 1 

05 

IS i 

0 50 

21 0 j 

78 


19 

0 06 ! 

2 61 i 

32 ' 

IS i 

0 25 

10 7 

33 

Jl/12/40 

20 

0 14 

6 39 

70 

20 

0 54 

23 1 

65 


20 

0 10 

4 2S 

55 

19 

0 3S 

16 6 

53 


20 

0 07 

2 46 

10 

20 

0 27 

10 5 i 

30 


19 

0 05 

1 73 

21 

20 

0 19 ' 

6 8 

15 


TABLE 2 

Relation of blood concentration to drug tniahe* 


DATE 

NTTM 
' B£R 

each 

1 vnva 

1 i 

1 PRUa CITAKK 

i 1 

blood coKCEirraAnoN 

BLOOD CONC 
TAcron 

DRCO IKTAEC 

Sulfanilamidel 

1 

1 

1 

Sulfonilitmide 

1 

1 

I 

Sulfanilamide j 

Neoprontosil 

6/ 4/40 

10 ' 

S S'* d= 1 T8 

15 9 dr 4 S 

3 44 dr 1 44 

1 es d: 0 6s 

0 404 * 0 DSl 

0 100 *0 018 

10/ 8/40 

20 ' 

4 d:0 e4 ' 

21 0 ± 2 8 ' 

2 S3 jfc 0 72 

2 (0*0 87 

0 313 * 0 009 

0 120 * 0 009 

11/12/40 

10 ' 

6 75 ± 1 1« ' 

23 0 d:3 e ' 

1 54 jfcO 24 

1 98*0 55 

0 228 * 0 017 

0 086*0 009 


IQ 

4 S2±0 S3 1 

17 8 di 2 1 < 

I 29 ±0 24 

1 28*0 35 

0 285*0 033 

0 072*0 007 


10 

3 ISdzO SI 1 

11 g± 1 S 1 

0 9S d: 0 49 

0 84 *0 09 

0 305*0 052 

0 071 * 0 004 

i 

>0 

2 SSitO SO 1 

8 4 d= 1 4 , 

0 TTiO 17 1 

0 58 * 0 15 

0 302 * 0 024 

0 099 * 0 007 


• Figures for drug intalce and blood concentration represent imllignuna per mouse per dsy end imlligrams per 
cent respectively Tbe standard deviat on is given alter each figure Figures lor factors are given witb their 
standard enoTs 


TABLE 3 
Acftt'tf^ ratios 


DATE 

DRUG 

1 

1 

fl±8 E* 

1 i 

B D lot j 

1 

i 

8B Cjot 

1 

AC'Ctvrrr 1 

RATIO 

1 

standard error of 
LOOAB rTHMft OF 

B 1 

SBCu 

Ac- 

tlVItj 

rRtio 

6/ 4/40 

Sulfanilamide 

2 IS ±0 77 1 

5 32 

2 15 

1 00 

0 092 

0 115 



eoprontoajl 

1 66 ±3 09 ' 

19 82 

2 10 

1 02 

0 307 

0 317 

0 337 

10/ S/40 

Sulfanilamide 

2 32 ±0 S9 

3 87 

1 9S 

1 00 

0 083 

0 0S9 



Keoprontosil 

4 41 ±1 20 

13 58 

1 64 

1 21 

0 052 

0 061 

0 lOS 

11/12/40 

Sulfanilamide 

2 S4 ±0 78 : 

4 30 

1 23 

1 00 

0 060 

0 062 



JSeoprontosil 

2 70 ±0 78 

16 20 1 

I 23 

1 00 

0 061 

0 062 

1 0 088 
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• Slope constmt cfc standard error 
t Median surtival dose 
t Median survival blood concentration 
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in all cases. The activity ratios are calculated from the S.B.C.so’s. The 
slope constants (P’s) of the sulfanilamide experiments do not differ sig- 
nificantl3'’ in any case from those of the neoprontosil experiments. Further- 
more, the slope constant of the combined sulfanilamide data does not differ 
significantly from that of the neoprontosil data. Comparison of the dosage 
response curves of the two drugs is therefore justified. In no case did the 
activity of neoprontosil on ike basis of the blood concentration of sulfanilamide 
obtained from it differ significantly from that of sulfanilamide. 

DISCUSSION 

The curves given in figure 1 clearly show that the blood concentration-time 
curves of sulfanilamide obtained from single doses of the two drugs are un- 
' related. Therefore, data based on single dose therapy provide no basis for 
determining whether or not sulfanilamide is entirely responsible for the thera- 
peutic effect of neoprontosil. However, when the activities of the two drugs 
are compared under conditions where one obtains essentially the same blood 
concentration-time curve of sulfanilamide from either drug, it is possible to 
determine whether or not the activity of neoprontosil is due entirely to the 
sulfanilamide formed from it. 

Figure 2 shows that essentially the same blood concentration-time curve of 
sulfanilamide may be obtained from either of the two drugs by use of the drug- 
diet method. Under these established conditions of identical blood concen- 
tration-time curves of sulfanilamide, the activity of neoprontosil is the same 
as that of sulfanilamide. Therefore one can only conclude that the therapeu- 
tic activity of neoprontosil in a streptococcus infection in the mouse is entirely 
due to the sulfanilamide formed from it. 

SUMMARY 

The therapeutic activity of neoprontosil has been compared to that of 
sulfanilamide in a streptococcus infection in mice. Essentially the same 
blood concentration-time curve of sulfanilamide was obtained from both drugs 
by use of the drug-diet method of therapy. The results show that the entire 
therapeutic activity of neoprontosil depends on the sulfanilamide formed 
from it. 
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Adriani ( 1 ) has reported that the daily injection of sulfanilamide in rats 
for three days renders them more easily anesthetized and killed by various 
derivatives of barbituric acid. He failed to find an3’' difference between the 
sulfanilamide and control rats when they were anesthetized with tribrometh- 
anol, nitrous oxide, ether, cyclopropane, or chloroform. From his experi- 
ments, Adriani draws the conclusion that “the combination of sulfanilamide 
and barbiturates may be unwise in human therap3%“ the thiobarbituric acids 
being the “worst offenders.” , 

A statistical examination of Adriani^s published data indicates that sulf- 
anilamide exerted a significant effect on the number of rats anesthetized by 
each of the barbituric acids studied, but the effects on the mortalit3'‘ can be 
considered significant only for thioetham3’l and pentothal. This fact, how- 
ever, does not support the conclusion that these two drugs are the “worst 
offenders.” Failure to show a significant difference is in no wa3^ an indica- 
tion that there is no difference. This same reasoning is applicable to Adriani’s 
experiments with the gases and tribromethanol. The experiments with the 
gases, particularly, were performed in such a wa3’’ that it would scarce^’’ be 
expected that a difference could be detected unless it were ver3^ great. 

Since the amount by which the anesthetic and lethal doses were reduced 
was not determined, the conclusion that “the combination of sulfanilamide 
and barbiturates ma3^ be umrise in human therapy” is unjustified. A further 
objection to the drawing of any clinical conclusions from this study is that 
the levels of sulfanilamide that prevailed in the blood of the rats shortl3^ after 
the injections, although not determined, must have been far higher than any 

1 This work was supported b 3 " grants from the Mallinckrodt Chemical ^Yo^ks and the 
Kational Research Council. The sulfadiazine was supplied through the kindness of 
Lederle Laboratories, Inc. 

2 The mortalities tabulated for nembutal and amytal in the control groups seem re- 
markable in comparison with other published data on the lethal doses of these drugs for 
rats (e.g. (2)). 
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emplojed m human therapy Aclriani failed to find an^ effect uitli dailj in- 
jections of less than 25 mgm per gram 
In a similar stud^, Glaubach (3, 4) reported that sulfapjndme intensifies 
the effects of codeine, morphme, and papaverme in animals The doses of 
sulfapyndme given were high (4 and 5 grams per kilogram) The blood 
levels m the rats and mice were not reported, but those reported for the 
rabbits were considerably above the therapeutic range 
Because of the frequent desirabihtj of treating surgical patients with sulf- 
andaimdc, it seemed that more evidence was needed to justify a warning 
against the dangers of combinmg anesthetics with sulfamlamide At the re- 
quest of the National Hesearch Council we hav c undertaken a remvestigation 
of the problem 


METHODS 

Animals 

Hale white mice were used m all of the experiments 
Feeding of the sulfonamides 

Purina “Layena” was ground and sifted to produce a fine powder The vanous 
sulfonamides were thoroughly mixed with this basic feed in the concentrations shown 
in table 1 Mice were given these mixtures and no other food from the afternoon of one 
day until the morning of the third day following when the anesthetic was given (about 
65 hours) They were allowed free access to the feeding mixture and to water until they 
were given the anesthetic The anesthetic expenments were usually performed between 
9am and U a m The blood analj ses show n in table 1 w ere made at this time of day 

The animals designated “controls" were fed the powdered “Layena” without any 
drug Otherwise they were treated as nearly as possible like those receiving the drugs 

Blood analyses 

The concentrations of the sulfonamides in blood were determined by Hoffman’s (5) 
modification of the method of Bratton and Marshall 

Handomizationof mice 

In each experiment, mice were assigned strictly at random to the different treatments 
that were to be compared The randomization was accomplished by means of shuffled 
cards For example, m table 2, a group of 12 mice was divided at random into 2 groups 
of 6 One group was fed sulfanilamide The other group served as controls On the 
day of injection, the 6 sulfanilamide mice were assigned at random to the 6 doses of 
pentobarbital shown in table 2 Likewise, the 6 control mice were assigned to their 6 
doses Twenty such groups of 12 w ere used In the first experiments before the range of 
dosage was located, other doses than those shown in the table were included and cor- 
respondingly larger groups of mice were used 

In the same manner, for table 3, a group of 15 mice was divided at random into 5 
groups of 3, the 5 groups being assigned at random to the control feed, sulfap>ndine, 
sulfathiazole, sulfadiazine, and acet j Isulfamlamide On the day of injection the 3 mice 
m each group were assigned at random to their 3 doses Twenty such groups of 16 
were used 
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Likemse, mice in groups of 4 v^-ere assigned at random to the 4 treatments of table 4, 
and in groups of 6 to the 6 treatments of table 5. 

Adminisiralion of anesthetics 

Pentobarbital was given intraperitoneaUy as a freshly prepared solution of the sodium 
salt. The solution used for the doses in the anesthetic range contained 2 mgm. per cubic 
centimeter) that for the doses in the lethal range, 5 mgm, per cubic centimeter. All 
doses of pentobarbital shown in the tables are expressed in terms of the acid form. 

The volatile anesthetics were introduced in liquid form into a bottle of capacity 2.7 
liters. After the liquid had evaporated, a mouse was introduced into the bottle in such 
a way as to cause the least possible loss of vapor. The tabulated concentrations of ether 
are those present before the mouse was put in the bottle. No effort was made to find how 
much ether was removed from the air by the mouse during the course of an experiment. 

Criteria of anesthesia 

Pentobarbital. A mouse was considered anesthetized if it could not gain and maintain 
the standing posture after stimulation by repeated pinching of the tail. 

Volatile anesthetics. The glass bottle, the inside diameter of which was 12 cm., was 
rotated mechanically at a speed of 14 revolutions per minute from the time the mouse 
was put in until anesthesia had come about. The mouse was considered anesthetized 
when it lost the ability to maintain the standing posture and rolled over continuously 
for 15 seconds. 

Estimation of median doses 

The median anesthetic and lethal doses were estimated by interpolation on the as- 
sumption that the curve relating log dose and proportion anesthetized is the integrated 
normal frequency curve. The standard errors of the medians were calculated by the 
equations given by Bliss (6). 


RESULTS 

Effect of the feeding of sulfonamides on the reaction of mice to pentobarbital 

The sulfonamides were fed for two and one-half days prior to the injection 
of the pentobarbital. The composition of the feeding mixtures and the final 
blood levels are indicated in table 1. 

Both the anesthetic and lethal doses of pentobarbital were determined 
after the feeding of sulfanilamide. The results are shown in table 2. Com- 
parison of the estimated median doses shows that for the sulfanilamide group 
both the anesthetic dose and lethal dose are significantly lower than for the 
control group.^ Within the limits of error of the measurements, the median 

» The same conclusion may be reached by direct comparison of the effects produced 
by a single dose in the two groups without reference to the interpolated median values. 
Thus if the two groups of mice be assumed to be equally sensitive to pentobarbital, the 
probability of a difference as great as that shown for dose 40 mgm. per kilogram arising 
as a fluctuation of simple sampling is From the same premises, the probability of 

a difference as great as that found for dose 105 mgm. per kilogram is .118; for dose 116 
mgm. per kilogram, .056, The probability of both of the latter events occurring is 

.118 X .056 - .007. . . , . , 

Such a direct comparison has the logical advantage of involving none of the ques- 
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lethal dose is reduced by the same absolute amount as is the median anes- 
thetic dose. Despite the rather large standard errors of the median letlial 
doses, it is clear that the lethal dose is not reduced by nearly the same pro- 
portion as is the anesthetic dose. Thus the ratio of lethal dose to anestlietic 
dose is higher for the sulfanilamide mice than for the control mice. This is 


TABLE 1 


Dsva 

COKCSJT- 

TRAiiotf or 
Dxno m i 
ITSD 

rnmazB or 

KICK i 

UKAX BLOOD CONCBNTKATIOK WITB 

■TAiniAKo crror or uean 

Free 

Conjugated 


per cent 


mfm per eenl 

mfm. per cent 

Sulfanilamide . 

1 0 

20 , 

5 1 rtO.fi 

1 0±0 3* 

Sulfapyridine 

0.8 

1 20 

7.7 ±0.9 

0 

Sulfatbiazole 1 

1.5 

23 1 

5 0 ±0 3 1 

0 

Sulfadiazine 

0 4 

26 1 

15.2 ±0 6 1 

0 

NAAcetylsulfanilamide 

2 0 

19 

0.8 ±0 1 1 

6.4 ±0.7* 


• Expressed in terms of sulfanil amide. 


TABLE 2 

Anesthelic and lethal effects of ‘pentoharhital after the feeding of sulfanilamide 


DOas or 

rENTOBAKBITAL 

KTOSEB or laCE 
AKXamTUE D/TOTAl* 

DOBE or 

rENTOSABSiTAL 

ircruBERor vice 
K iLLED/tOTAXB 

Bullanilaintda j 

Control 

SulfanHAmido 1 

Control 

fRgm. per kgm \ 



fngm per kgm 



30 1 

9/20 


96 

5/20 


35 1 

18/20 

1 

105 

6/20 

2/20 

40 1 

20/20 

4/20 , 

116 

13/20 

7/20 

46 


18/20 

127 


14/20 

i 

i 

1 

140 


18/20 


Estimated median doses with their standard errors 



BULTANILAVISE ' 

1 

COMTBOX# 

finTBREKCE 

AD 50 

30 4 ±0 8 1 

42 3 ±0.7 1 

11.9 ±1.1 

LD50 1 

no 5 ±3 5 1 

120 5 ±3 2 1 

10 0±4.1 


the same effect that n ould have been produced if a preliminary dose of pento- 
barbital itself had been given instead of sulfanilamide. 

The effects of four derivatives of sulfanilamide on the anesthetic dose of 
pentobarbital uerc investigated. The results are shoivn in table 3. It is 
obvious that all of the drugs had a significant effect in lowering the anesthetic 


tionablc assumptions used in estimating median doses. Moreover, it may furnish a more 
sensitive test of difference than does the comparison of median doses (c g , see table 4). 
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dose of pentobarbital. Although these experiments were not done at the 
same time as those on sulfanilamide, it may be legitimate to infer that the 
derivatives have less effect than sulfanilamide itself. In comparing the effects 
of sulfadiazine with those of the other drugs, it must be kept in mind that 
the blood level of this drug was higher than those of the other drugs. 

Effect of intravenously injected sulfanilamide on the reaction of mice 
to pentobarbital 

A dose of 100 mgm. per kilogram of sulfanilamide was injected intrave- 
nously in the half of the animals assigned to this treatment. Pentobarbital 

TABLE 3 


Anesthetic effects of pentobarbital after the feeding of sulfanilamide derivatives 


DOSE OP 

pentobarbitad 

NUMBER OP MICE ANE8THET12ED/T0TAI* 

Control 

Sulfapyndine 

Sulfathiarole 

Sulfadiazine 

N*-Acetjl- 

sulfanilamide 

mgm. per kgm. 


1 


1 


30 






35 

4/20 





40 

11/20 





46 

19/20 



1 



Estimated median doses with their standard errors 


DRUG 

AD 50 

DIFFERENCE FROM 
CONTROL 

Control 

mgm. per Kgm. 

38.8 ±0 8 

mgm. per kgm. 

Sulfapyridine 

34.7 ±0 7 

4 1 ±1.1 

Sulfathiazole 

34 1 ±0 9 

4.7 ±1.2 

Sulfadiazine 

33.3 ±0 5 

5.5 ±0.9 

Acetylsulfanilamlde 

31 8 ±1 0 

7.0 ±1 3 


was given intraperitonealty between 20 and 35 minutes later (mean interval 
28 minutes). Table 4 shows the numbers anesthetized. Although the effects 
produced by dose 46 mgm. per kilogram in the two groups do differ signifi- 
cantly (probability of chance occurrence = .022), the estimated median doses 
do not differ significantly. Some effect has made itself evident in half an 
hour, but comparison with the feeding experiments indicates that it has not 
reached its full intensity in this time. 

Effect of the feeding of sidfanilamide on the reaction of mice to diethyl ether 

and chloroform 

Sulfanilamide was fed in the same manner as for the pentobarbital expen- 
ments. 
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Ether Since the animal’s tissues do not become equilibrated with ether 
for a long time, the concentration of ether m the air necessary to anesthetize 
wiU be dependent on the time the anrnial is exposed to the vapor * In these ex- 
periments, the mice were observed for only 20 minutes Table 5 shows the 


TABLE 4 

Ancslhelic effects of ‘pentobarbiial after ike intravenous injection of sulfanilamide 


i 

nose or rzKTOBAiiBiT«.L 

1 

1 iruuBEBoryiCE amx bth etizB d/totu. 

Bulfosilam de 

j Control 

mgm per kgtn 



40 

3/20 

4/20 

46 

19/20 

' 13/20 


Estimated median anesthetic doses with their standard errors 


42 2 ±0 C 
44 0 ±1 1 
1 8±1 3 


Sulfanilamide 

Control 

Difference 


TABLE 5 


Anesthetic effects of dietkyl ether after the feeding of sulfamlamide 


COKCEHTRATloj 
or CTHIR 

1 inmsBs or mic« AirarrBETizrD/ifJTAi. 

I In 10 mm 

1 In 15 mm j 

1 In 30 mm 


Control 

1 Sulfanilamule | 

Control 1 

Sulfanilom de 

Control 1 

Sullaiul Amide 

millimolea I 





1 


perl Her 


[ 





0 95 1 


, 4/20 1 


7/20 


11/20 

1 09 1 

0/20 

1 7/20 i 

2/20 1 

15/20 

I 4/20 

20/20 

1 25 

4/20 

1 12/20 1 

10/20 1 

18/20 

1 16/20 

20/20 

1 44 

16/20 


20/20 j 


1 20/20 



Estimated median concentrations of ether necessary to anestheti-e (ml/ //) 



COSTBOt 1 

BTTLF AiniAU I DR 

DunazKcz 

In 10 min 

1 34 d: 03 

1 19 ± 06 

15d: 07 

In 15 mm 

1 25 db 01 1 

0 99 ± 04 

26 ± 06 

In 20 mm 

1 17 ± 02 ] 

<0 95 

! > 22 


number anesthetized at three different times At each time there was a 
significantly greater number anesthetized in the group that had received sulf- 
anilamide At 15 minutes there is a 21 per cent reduction of the median 
anesthetic concentration, as compared with the 28 per cent reduction of the 
median anesthetic dose of pentobarbital (table 2) 
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Eleven sulfanilamide mice and eleven of the corresponding controls that 
were used in these experiments were reserved and both groups given untreated 
food for 24 hours. At the end of this time they were again given ether. Six 
of the original control group and six of the original sulfanilamide group were 
exposed to a concentration of 1.09 millimoles per liter. None of either group 
were anesthetized in 15 minutes. Five of the original control group and five 
of the original sulfanilamide group were exposed to a concentration of 1.25 
millimoles per liter. In 15 minutes, one of the sulfanilamide group and three 
of the control group were anesthetized. 

With neither concentration of ether is there any significant difference be^ 
tween the two groups, nor between these small groups and the corresponding 
•control groups of table 5. Yet there is a significant difference between the 
proportions anesthetized in these groups and in the sulfanilamide groupsof 
table 5. 

These experiments furnish no e^ddence that any of the effect of sulfanil- 
amide remains after 24 hours. They do indicate that at least a part of the 
•effect has disappeared in this time. When the second experiment with ether 
was performed, the mice that had originally had sulfanilamide were still 
noticeabty cyanotic. 

Chloroform, No effort was made to determine the median anesthetic con- 
centration. Enough mice were used to establish that those fed sulfanilamide 
were anesthetized in a significantly shorter time than the controls. With 
the concentration of .25 millimoles per liter, the times of onset of anesthesia 
for five sulfanilamide mice were; 16, 12, 11, 10, 9 minutes; for five control 
mice: 105, 75, 60, 60, 45 minutes. 

DISCUSSION 

Sulfanilanude renders mice more easily anesthetized by pentobarbital, 
ether, and chloroform. Since the effect is found with each of these three nar- 
cotics, which are widely different chemically and pharmacologically, we think 
that it might be expected with any type of anesthetic. It is evidently not 
limited to the barbituric acids as was claimed by Adriani. 

The mechanism b^^ which this action of sulfanilamide is brought about is 
still obscure. Although sulfanilamide alone in high levels will cause definite 
signs of depression, it is not clear that this is the same phenomenon that we 
are encountering here with low' levels. Sulfanilamide at a blood level of 6 
mgm. per cent can replace 28 per cent of the anesthetic dose of pentobarbital, 
but a level four times as high does not produce anesthesia alone. The fact 
that the effect does not develop immediately after intravenous injection 
might suggest that some slowdy progressive chemical change is produced in 
the cells secondaiy” to some such reaction as the inhibition of an enz>Tne 
system. However, the recently reported inhibition of carbonic anhydrase 
(7, 8) probably is not involved, since substitition on the amide nitrogen 
does not abolish the effect. 
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So far as the practical implications of this aie concerned, v.c do not 
think that there is anj reason to behove that anesthcteia as generally earned 
out should be either more or less dangerous in the presence of sulfanilamide 
Whether the anesthetic is given mtrav enouslj or by inhalation, surgical anes- 
thesia IS produced by the gradual addition of the agent until the patient 
reaches the desired lev el If the anesthetic dose and the lethal do«e of the an- 
esthetic are lowered cquallj bj sulfanilamide as v\as found for pentobarbital in 
these experiments, the danger of such a procedure should not be increased by 
sulfanilamide If a predetermined amount of narcotic is to be given m one 
dose, the situation is of course different 

SUMMARV 

Feedmg of sulfanilamide, suI/apjTidine, sulfathiazole, sulfadiazine, or 
acetjlsulfanilamide to mice for two and one-half da>s causes them to be 
anesthetized by smaller amounts of pentobarbital than are normal mice The 
final mean blood levels of the five sulfonamides v\eie respectively, 6, 8, 5, 15, 
and 7 mgm per cent (total) 

Sulfanilamide reduces the median lethal dose of pentobarbital by about 
the same absolute amount as the median anesthetic dose 
Sulfanilamide also reduces the concentration of ether and chloroform nec- 
essary to anesthetize mice 

Twenty -four hours after the wathdrawal of sulfanilamide, the effect on the 
reaction to ether has at least in part disappeared 
One-half hour after the intravenous injection of sulfanilamide, there is 
much less effect on the anesthetic dose of pentobarbital than after two and 
one half days of feeding of sulfanilamide 

REFEHENCES 

(1) Az>mAm J hah &C}m Aled 2i,im J939 

(2) Swanson and Fry J Am Pharm A , 29, 609 19'10 

(3) Glaudach Proc Soe Exper Eiol A, Med 42,325 1939 

(4) GlaObach Proc Soc Exper Biol A. Med 45, 53 1941 

(5) Hoffman Photelometric Cluneal Chemistry (\V m Morrow A, Co , New York, 1941). 

(6) Bliss Quart J Pharm A Pharmacol ,11,192 193S 

(7) Mann and Keilin Mature 146, 164 1940 

(8) Lockl Main and Mellon Science 93, 66, 1941 



FURTHER OBSERVATIONS ON THE ACTION OF DRUGS ON THE 
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In a previous communication (1) we described a method in which the di- 
rect action of drugs on the caliber of the coronary vessels could be determined. 
In principle, this consisted of an isolated fibrillating heart in which the coro- 
nary vessels were perfused under constant pressure with defibnnated-'heparin- 
ized dogs' blood of constant temperature (37°C.). It is a modified Langen- 
dorff preparation. In all preparations, 3 cc. of 10 per cent calcium gluconate 
and 1 gram of dextrose were added to each liter of the perfusate. Changes in 
caliber of the coronarj’’ vessels were indicated by changes in the coronar>" 
outflow from the pulmonary artery. Drainage of the left heart by means of 
a cannula passed through the ventricular wall, along with the drainage of 
the right heart, prevents the extravascular effects which arise from changes 
in the tension in the w^alls of the heart when these chambers are permitted to 
become distended. We have already shoivn that in this preparation changes 
in the character of the fibrillation are without effect on the coronary flow (2), 
and that the drainage from the left ventricle is always less than 10 per cent, 
usually less than 5 per cent of that via the pulmonary artery (3). In all in- 
stances the drug to be tested was injected into the coronary inBow tube. 

PAPAVERINE HYDROCHLORIDE 

l^ine injections in six preparations were made of 0.5 to 1 cc. of a 1:30 dilu- 
tion of papaverine hydrochloride (Lilly). In 7 instances there was an in- 
crease in coronaiy flow of more than 100 per cent and this lasted on the 
average 21 minutes (range 7 to 60 minutes). The concentration of the drug 
reaching the heart varied from 1:120 to 1:1190. There was no correlation 
between the concentration of the drug and the duration of the dilatation; 
however, the briefest effects were obtained when the initial flows were the 

1 Aided by the A. D. Nast Fund for Cardiac Research and a grant from the Committee 
on Scientific Research of the American Medical Association. 
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smallest In one c\penment the second injection ga\ e a large and long lasting 
increase m coronary flou , the third injection, hoi\e\or, caused a marked con- 
striction, apparently the concentration of papaienne in this instance had 
become so great ds to reverse the effect In another expenment the second 
injection ga\e onl\ a shght increase m flow lasting sei'Cn minutes, indicating 
again that larger doses of the drug abo\e a certain le\cl are less effectno and 
may even be const noting 

hlacht (4) was the first to report an increase in coronao fion with papav- 
erine This has been confirmed m the tramed unancsthctized dog b\ Essex 
et al (5) Our results show that this is due, probabh in large part, to a direct 
dilator action on the coronary \essels 

This, together with its antifibrillatory action which we recently noted (6), 
explains the usefulness of this drug in pulmonan embolism and coronaiy 
flow insufficiency 


DIGITALIS DERrVATIVES 

Three injections of K strophanthin (Abbott), sl\ of digifolme (Ciba), and 
10 of ouabain (Lilly ) were made Twenty -fii e milligrams of A-strophanthm 
were injected in each case, ^ cat unit of digifohne, and from 0 01 to 0 1 mgm 
of ouabam A-strophanthin gave a definite constriction twice, and a fleeting 
dilatation once Digifolmc caused constriction 3 times, no effect twice and 
dilatation once Ouabam gave a constriction 4 times, no effect 5 times, and 
a vary mg response, dilatation constriction-dilatation, once The dilatation 
occurred with the first 2 drugs when the concentration of the drug reachmg 
the heart was mimmal, this correlation could not be made with ouabain, the 
lowest concentrations causing constriction at times, where on other occasions 
greater concentrations were without effect In no instance witli these digi- 
talis derivatives w as the response marked 

Our experience suggests that the response to digitalis derivatives is a va- 
riable and unpredictable one m moderate doses In view of the numerous 
derivatives used m the past and the differences in preparations and methods 
of measuring coionary flow, controversv as to the effect would bo expected, 
but our results show that even with the same type of preparation and the 
same derivative the results are variable Other investigators, too, have re 
ported variable results with a single preparation and vnth a single digitalis 
derivative Thus Sakai and Sancvoihi (7) m the cat Gilbert and Penn (8) 
m the isolated beating perfused dog lieart, Ruhl and Wielilci (9) on the dog 
heart lung preparation, Essex, Herrick and ^ isschcr (10) on the trained un- 
anesthetized dog and Ginsberg and Stoland (H) on the dog all obtained 
vaiiable response': Our results show that this vanabihty is duo in part at 
least, to a variable direct action on the coronary vc'isel* Kountz and Smith 
(12) have suggested that the vaiiabihtv mav be due to the degree of anoxia 
present m the heart The occasional coionary constrictor action of these 
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digitalis preparations suggests that, on occasion, therapeutic doses in man 
may have this effect. In coronary disease this possibility of such action 
occurring takes on considerable importance. 

AMINOPHYLLIN AND CAFFEIN SODIUJI BENZOATE 

Aminophyllin (Dubin) was injected 12 times into 8 preparations and caifein 
sodium benzoate (Endo) 5 times, once in each of 5 preparations. The dose 
of aminoph3dlin was 24 to 48 mgm., that of the caffein sodium benzoate was 
125 to 500 mgm. In every instance a lasting noticeable dilatation was noted, 
that of aminophyllin being by far the more marked. Aminophyllin increased 
the flow 75 per cent for 10,6 minutes on the average; the corresponding figures 
for caifein were 35 per cent and 6.3 minutes. 

Our results are thus in accord 'with the consistent reports in the literature 
that the xanthine derivatives are coronary dilators (cf. Fonier, Hurevitz and 
Smith (13) for review). Our results, however, indicate that the action is 
directly on the coronary vessel calibre. 

DEXTROSE 

The sugar was injected seven times in seven preparations; 4 times as 3 to 5 
cc. of a 5 per cent solution, once as 7 cc. of a 2 per cent solution, once as 55 cc. 
of a 27 per cent solution and once as 250 cc. of a 50 per cent solution. Twice 
the 5 per cent solution was without effect. The injection of the large amount 
of 50 per cent solution caused an immediate marked diminution w^hich in six 
minutes led to complete stoppage of flow. The other three injections of 2 and 
5 per cent glucose caused a noticeable increase in coronary flow, on the average 
amounting to 40 per cent and lasting 5.5 minutes. The 27 per cent glucose 
caused a more marked increase in flo'W amounting to 200 per cent and lasted 
Si minutes. Thus except for the extreme amount and concentration used 
(250 cc. of a 50 per cent solution) glucose has a definite tendency to dilate 
the coronary vessels by a direct action. It is thus possible that among the 
clinical benefits derived from intravenous glucose is this potential coronary 
dilating action. Furthermore, these findings give support to the impression 
we have obtained over years of experience 'with this preparation, that glucose 
added to the perfusing blood results in better flow and a longer lasting ex- 
periment. 


CALCIUM GLUCONATE 

-From 1 to 3 cc. of a 10 per cent solution of calcium gluconate (Hoffman- 
LaRoche) w’ere injected 5 times in five preparations. Ko definite effect w’as 
observed; this is entirely unlike the marked dilator effect we previously noted 
with calcium chloride (2). Apparently the gluconate prevents the full action 
of calcium exhibited 'when it is given as the chloride salt. Whether this 
would also be true if calcium gluconate had not already been added (3 cc. of 
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10 per cent solution per liter of blood) ^^e ha\e not determined The effect 
of the addition of this initial larger quantity of calcium gluconate was de- 
termined twice, both times, it caused a slight dilatation Our results indi- 
cate clearly that it is the chloride salt of calcium which should be emplo} ed 
when a coronarj dilator effect is desired The benefit dern ed from calcium 
gluconate in this preparation must be due to an action other than coronary 
dilatation 


METRAZOL 

This commonly employed drug was tested five times m our preparation, 
each time 100 mgm of the drug (Bilhuber-ICnoll) was used In all five cases 
a temporarj increase m coronary flow w as obtained, on the a\ erage amountmg 
to 26 per cent and lasting onl> 2 mmutes Our results are in accord with 
those of Stoland and Ginsberg (14) on the dog heart-lung, but not with then 
results in the entire dog However, their results were based on coronary 
sinus outflow measurements, which we ha\e shown are subject to serious 
errors (3, 15) 

Our results show that metrazol has a mild temporary direct coronary di- 
lator action Whether or not the other actions of the drug on the animal 
tend to neutralize this effect remains to be demonstrated 

SUliaiARY 

1 The digitalis dematives, JC-strophanthin, ouabain and digifoline at 
times ha\e a direct coronarj constrictor action even in therapeutic doses 

2 Metrazol and glucose are mild direct coronary dilators 

3 Calcium gluconate, m contrast with the chloride salt which is a powerful 
dilator of the coronar} vessels, does not cause any constant or striking change 
m coronary caliber except that a mild dilatation occurs with large doses 

4 AmmephyUm and caffeia sodium benzoate are consistent/j direct core- 
nar} dilators, the aminophj llin being the more powerful 

5 Papaverine hj drochloride is a powerful long-lasting direct coronary di- 
lating agent Tins and its tendencj to prevent ventricular fibrillation prob- 
ably explain its clinical benefits 

We are indebted to Dr S R Elek and Mr. R Asher for assistance in 
the^^e expenments 
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Expenments performed both t7i vivo and in vitro liavo sh o^vn that pneumo 
COCCI become resistant ("fast”) to sulfapjTidme ^hen exposed for a con- 
siderable tune to concentrations of that drug which do not mhibit growth 
completel> (1-8) According to the observations of several mvestigators 
(7 9), these “fast" pneumococci are resistant not only to sulfapjTidme but 
also to other sulfonamides In \new of this finding it seemed of mterest to 
determme whether chemotherapeutic substances of different chemical struc- 
ture are effectne against sulfonamide-resistant pneumococci Such a stud> 
was earned out with hydroxj ethj lapocupreine which has a structure en- 
tirely different from that of the sulfonamides and, according to Maclachlan 
and coworkers (10 11), is effective agamst both expenmental and clinical 
pneumococcal infections 


METHODS 

A comparative study was made of the effectiveness of sulfapyndine and h>droxyeth 
j Iflpocupreine against infections with parent and sulfapyridine-faat strains of types I 
11 and III pneumococci The parent strains were stock organisms that had been 
passed dailj through mice until maximum virulence and invasiveness had been obtained 
The sulfapyndine fast strains were prepared from the parent organisms bj methods 
desenbed heretofore (3 5) 

Similar experiments were performed with each of the parent and fast organisms 
Groups of 40 mice were infected intrapentoncally w ith J0“* cc of a 12 to 14 hour blood 
broth culture of the desired organism Ten mice w ere kept as untreated controls The 
remaining 30 were treated with either 8u]rap>ridine or hj droxyethylapocupreine base * 
These drugs suspended in 10 per cent acacia were administered by stomach tube 2 S 14 
and 22 hours after infection and at eight hour intervals thereafter for five additional 
dajs Sulfapyndine was given in doses of 20 mgm on the basis of earlier work (12) 
which showed this to be the roost effective amount Hydroxj ethylapocupreine was 
administered in 10 mgm quantities since experiments indicated this to be the most 
effective dose that could bo tolerated at the above intervals Even this dosage of 
hydroxycthylapocupremc produced some toxic sjmptoms ns Greey had observed 
previously ^13) It was not lethal however and as table I shows lO mgm doses were 
much more effectiv c against infections w itli parent strains of pneumococci than w ere the 
smaller doses of 5 and 2 6 mgm 


> 4\o are indebted to Dr Alice G Renfrew and the Mellon Institute for the lijdroxy 
cthylapocupremc used »i this study 
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Male white mice, all of the same stock, weighing 18 to 22 grams, were used throughout 
this study. In the comparison experiments described below, animals were kept under 
observation for thirty days after infection. A prolonged observation period is necessary 
in determining the curative action of hydroxyethylapocupreine, since mice receiving 
this drug may be essentially normal for ten to fourteen days after infection and die 
subsequentl 3 ^ with an overwhelming pneumococcal infection, as shown by cultures of 
heart blood. 


TABLE 1 


Response of parent strains of pneumococcus to varying amounts of hydroxyethylapocupreine 



nUMBER 
OP OROAK- 


TREAT- 

XfEKT 


NUMBER OF DEATHS 

DATS AFTER INFECTION 

HOURS 

SURVIVAL 

lO-DAY 

SURVIVORS 

OROANIS&t 

I BUS IK 
INPECTINO 
DOSB 

I 

2 

3 

4 

5 

6 

7- 

10 

OP MICE 
THAT 
DIED 

Number 

fl 

s 

o 

(k 

I, McGovern, 

830 

1 

mgm. 

HEC. 

2.5* 

0 

17 

3 

0 

0 

0 

0 

41 

0 

0 

parent 

830 

mSm 

5* 

0 

0 

4 

3 

6 

4 

2 

101 

1 

5 


830 


10* 

0 

0 

0 

0 

0 

3 

2 

mm 

15 

75 


830 

10 

None 

1 

8 

1 

0 

B 

B 

Q 

la 

II 

0 

JI, CH, parent 

mm 



0 1 

19 

1 

a 

0 

0 

M 

37 1 

0 

0 




5 


‘ 6 

' 2 

2 

9 

0 

Wm 

82 

1 

5 


450 


10 


■ 



3 

2 

ra 


15 

75 


450 

10 

None 


1 



0 

0 

m 


0 

0 

III, CHA, parent 

360 

— 

2.6 

1 

19 

3 

0 




31 

0 

0 


360 


5 

1 

16 

3 

0 




40 

0 

0 


360 



El 

1 

7 

7 

3 

1 


83 

1 

5 


360 


None 1 

2| 

8 

0 

Bl 

Bl 

m 


30 

Ol 

0 


* These doses of hydro.xyethyIapocupreine were administered at 2, 8, 14, and 22 hours 
after infection and at 8-hour intervals thereafter for five additional days. 


RESULTS 

The response to sulfapj'^ridine of infections with parent and fast organisms 
is shown in table 2. It is apparent from these data that the same treatment 
which had a marked curative or life-prolonging action against infections with 
parent organisms had little effect on infections with sulfapjTidine-fast or- 
ganisms. For example, in the experiment with type I McGovern, 26 of 30 
mice recovered from infections with the parent strain, whereas the animals 
infected with the “fast^^ organisms lived, on the average, 38 hours — only 
nine hours longer than the untreated controls. Similar differences were ob- 
serv^ed in the responses of the parent and fast strains of types II CH and 

III CHA. , . 

The effects of hydroxj^ethylapocupreine on infections with the above or- 
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ganisms are sHoto jn table 3 These data sho^^ that this drug uas almost 
equally effective against infections with the ‘parent and sulfapyndine-fast strains 
Thus in the experiment \nth t>pe I 'VtcGovern, 6 of 30 mice reco\ered from 
infections Mith the parent organism, and 6 of 29 recovered from infections 
Mith the sulfapyndine-fast organism The average survival tunes of the 
mice that did not recover vvcie 230 and 221 hours for the respective groups 
The parent and “fast" strams of tj pe III CHA responded similarlj In the 


TABLE 2 


Response of parent and sulfapyndine fast strains of pneumococcus to sulfapyridine 



Parent 

280 

30 

SP * 

0 

0 

1 

1 

1 

0 

1 

0 

113 

26 



10 

None 

2 

8 

0 

0 

0 

0 

0 

0 

35 

0 

Fast I 

290 i 

30 

S P 1 

0 

1 261 

4 1 

0 

0 

0 

0 

0 1 

38 

0 


! 

10 

None 

0 

10| 

0 i 

0 

0 

' ^ 

1 0 

0 1 

29 

0 


Type ir CH 


Parent 

260 

29 

S P 

0 

0 

0 

0 

1 

0 

12 

0 

173 

IG 

55 



10 

None 

0 

10 

0 

0 

0 

0 

0 

0 

32 

0 

0 



30 1 

' SP j 

0 1 

30j 

^ 1 

^ 1 

0 j 

1 ^ 1 


1 ° 1 

38 1 

0 1 

0 

Fast j 

I 2S0 1 

10 

None 

! 1 

9 

' ^ 

! 0 

0 


1 0 

' ^ 1 

31 

0 

0 


Type III CHA 


Parent 

690 

29 

S P 

0 

0 

0 

0 

0 

0 

29 

0 

171 

0 

0 



10 

None 

0 

10 

0 

0 

0 

0 

0 

0 

28 

0 

0 

Fast 

760 1 

29 

SP 

3 

2oj 

1 1 

0 i 

0 1 

0 1 

0 

0 1 

36 1 

0 1 

0 


1 

10 

None 

4 




0 1 


0 

JJ 

25 i 


0 


*20 mgm doses of gulfapyndine ^ere administered at 2 8, 14 and 22 hours after 
infection and at eight-hour intervals thereafter for five additional days 


experiment with t^pe II CH, the curative action of hj drox} eth^ lapocupreine 
was the same agamst parent and ‘fast” organisms, however, of the mice 
that did not recover, those infected with the parent organism lived somewhat 
longer than those infected with the “fast ’ strain 
Although hjdrox>ethyIapocuprGinc was equal!} effective against infections 
with parent and sulfapj ndine-fast pneumococci, it should be noted that in 
onl> one case was it as effective as sulfapyndine against mfections with the 
parent strains This point will be di'5cu<?sed later 
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DISCUSSION 

As pointed out previously, it is now veil established that under suitable 
experimental conditions pneumococci can become highly resistant to sulfa- 
pyridine. Evidence is accumulating that this may occur also during the use 
of sulfap^Tidine and other sulfonamides in treating clinical pneumococcal in- 
fections (7, 14). Up to the present time, however, the development of 
sulfonamide-resistant pneumococci has not seriously limited the clinical 

TABLE 3 


Response of parent and sulfapyridine-fast strains of pneumococcus to 
hydroxyelhylnpocitpreine 



Parent 

1 520 

30 1 

1 HEC* 

0 , 

0 

1 , 

0 

1 ^ 

1 , 

1 

18 

230 

6 

20 



10 

1 None 

1 

9 

0 i 

0 

0 

0 

0 

0 

35 

0 

0 

Fast 

540 

29 

j HEC 

0 

1 

3 

1 1 

: 0 

0 

5 

13 

221 

6 

21 



10 

None 

0 


0 

0 


0 

^ 1 

0 

35 

0 

0 


Type II, CH 


Parent | 

160 

1 30 , 

HEC 

0 

1 

2 

0 

1 ^ 

1 

1 

10 

j 225 

15 

50 



10 1 

None 

0 

10 

0 

0 

0 : 

0 

0 

0 

29 

0 

0 


290 

! 30 1 

HEC 

® j 

0 

J 

5 

1 5 

0 

0 

3 

135 

16 

1 53 

Fast j 


10 1 

None 

0 1 

10 

'o 

0 

0 

0 j 

' 0 

0 

28 

0 

0 


Type III, CHA 


Parent 

330 

30 

HEC 

2 1 

3[l2 1 4 

9 

0 

0 

0 

72 

0 

0 



10 

None 

3 

7j 0 0 

0 

0 

0 

0 

27 

0 

0 

Fast 

340 

30 

HEC 

o! 

2j 9 ; 8 

8 1 

1 

: 1 

0 

! 86 1 

' 1 

3 



10 

None 

2 1 

8j 0 1 0 j 

0 

0 1 

’ 0 1 

^ 1 

27 

0 

0 


* 10 mgm. doses of hydroxyethylapocuprcine were administered at 2, 8, 14, and 22 
hours after infection and at eight-hour intervals thereafter for five additional days. 


effectiveness of these drugs The importance of this problem may increase 
in the future since these resistant organisms are carried in the respiratory 
tracts of apparently healthy individuals, just as are other pneumococci (14). 
Infections caused by such organisms would not respond to treatment with 
other sulfonamides since pneumococci resistant to one sulfonamide are 

2 The development of sulfonamide-resistant gonococci occurs frequentiy during 
treatment of gonococcal infections with sulfanilamide and its derivatives. According 
to the work of Schmith and Ueymann (15) this may bo one of tho hazards of eucli therapy. 
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resistant to fheofhei-s as ueli (7-9), moreover, serotherapv would be relativdv 
mefFectne if delaj cd until indications of «:uIfonamide resistance were obtained 
For that reason, it is of practical inteiest to know that sulfonamide-resistant 
organisms respond to hidro^jetlijlapocupreine 
Although hvdro\jeth>lapocupreine mav bo useful m treatmg infections 
VMth sulfonamide-resistant pneumococci our observations indicate that it 
would not be as satisfactorj as sulfapv ndine or sulfathnzole for roiitme 
treatment of pneumococcal infections In the first place, therapeuticallv 
effectiv e doses of bj droxjeth^iapocupreme are more toxic than similarly effec- 
tive amounts of sulfap^ndine or sulfathiazole Secondly, the latter drugs 
seem to have a higher therapeutic activity — or at best hjdroxjethvlapocu- 
preinc is no more effectiv e than sulfap 3 ndinc 
There is little experimental data available on the relative activities of 
hjdroxjethilapo cupreine and sulfapi ridine According to oui data (tables 
2 and 3), sulfap 3 ridinc was distinctly more effective than hydro\ 3 eth 3 lapo- 
cupreme against infections wath t 3 pes I and III pneumococci, this agrees 
with the results of Greey, MacLaren and Lucas (13) in t 3 pe I infections 
On the other hand, the two drugs were about equally effective against type 
II uifections — an observation similar to that of Bracken et al (11) Thus 
there is a possibiht 3 that some strains (or pcs) of pneumococcus ma 3 re- 
spond equall 3 well to either drug, but indications are that sulfapyridine is 
generall 3 more effective than h 3 droxyethylapocupreine 

In conclusion, it should be pointed out that the findmg that sulfonamide- 
resistant pneumococci respond to hydroxveth 3 lapocupreine indicates that 
different mechanisms are inv oh ed in the action of these drugs 

SUMMARY 

A comparison was made of the activit} of h3drox3ethv lapocupreine and 
sulfapyndine agamst infections in mice with parent and sulfapyridine fast 
pneumococci Infections with the parent organisms were susceptible to 
treatment w^th sulfapyndine, whereas infections with the ‘ fast" organisms 
were not On the other hand h3dro\yeth3 lapocupreine was equalb effec- 
tive agamst infections w ith parent and sulfapyndine resistant strains How 
ever, hydrox 3 Cth 3 lapocupreine was less effective than eulfap 3 ndine against 
infections with most of the parent organisms 
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In beginning our studies on shock induced by hemorrhage, we were im- 
pressed by the magnitude of the changes observed in the blood potassium 
level by Scudder (1) and co-workers Inasmuch as hyperglycemia with de- 
pletion of hepatic glycogen following certain types of shock, including shock 
due to hemorrhage, has been observed by many investigators, among them 
Wertheimer ei al (2), Aub and Wu (3), Aggazzotti (4), Lundberg (5), Scar- 
pello (6), Robertson (7), and others, it seemed reasonable to us that at least 
part of the increase in blood potassium could be due to the liberation of 
potassium ions along with phosphate ions and hexose during hepatic glyco- 
genolysis A senes of expenments was undertaken on dogs under ether 
anesthesia in which shock was induced by hemorrhage according to the tech- 
mque described below, in an effort to confirm the results of the abo\e men- 
tioned investigators and to attempt to replace the hepatic glycogen which 
had been depleted and, at the same time, to bind potassium ions In these 
expenments we noted the hyperpotassemia described by Scudder (1), and 
the hyperglycemia and hepatic glycogenolysis shown by the other workers 
mentioned above However, the results of attempts to produce glycogenesis 
and lowering of blood potassium were inconclusive The work of Tonutti 
and Wallraff (8), shownng that the Bi-avitaminotic mouse liver is unable to 
store glycogen, suggested to us that thiamin might be a necessary factor in 
glycogenesis m shock In addition, Blotevogel and Tonutti (9) hav e reported 
beneficial results from the admimstration of thiamin to cases of se\ ere burns 
Preliminary expenments m which thiamin was given to dogs in shock in 
dicated that survival time may thus be significantly prolonged and impelled 
U3 to investigate the question more thoroughly by companng the survival 
time of a senes of control dogs in shock with that of a senes of thiamm- 
treated animals The results of the'^c expenments are reported below 

' This work was supported by grants from the Mallmckrodt Chemical Companj and 
the National Research Council 
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METHODS 

After considerable experimentation the following uniform procedure was adopted 
for the induction of shock. Fractional bleedings at thirty-minute intervals were 
carried out until the dog’s blood pressure remained within the arbitrarily selected range 

TABLE 1 


Thiamin- treated dogs 
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WEIOHT 

DATE 
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BLESDIXO 
(per cent 

BOOT weight) 

BLOOD 

FBESSCRE 
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mm. Hg 

mm. Hg 
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3/25 

3.5 

60 

5 

6.00 

6 


3/25 

3.0 

60 

25 

7.25 

7 

1 7.6 

3/26 

3.0 

60 

50 

6.25 

8 

8.7 

3/26 

3.5 

60 

10 

8.0 

9 

13 5 

3/28 

4.0 

60 

0 

4.75 

10 

16.0 

3/2S 

2.75 

SO 

15 

18.00 

Average 

2,8 



8.79 


TABLE 2 


Controls 


DOQ 

WEIGHT 

DATE 

TOTAL 
BLEEDING 
(PER CENT 
BODY weight) 

RLOOD 
PRESSURE 
at ONSET 

OF SHOCK 

Maximum 

RISE IN 
BLOOD PHES- 
SURE OVER 
SHOCK LEVEL 

SURVIVAL 

TIME 





mm. Hg 

mm. Hg 

kcurs 

1 

11.6 

3/18 

3 75 

50 

Fall 

4,33 

2 

7.2 

3/19 

5 00 

50 1 

Fall 

1.00 

3 

9.1 

3/24 

2 50 

50 

Fall 

1.50 

4 

5.6 

3/24 

1 2 50 

55 

10 

8. SO 

5 

; 6.1 

3/25 

3.25 

55 

10 

4.16 

6 

5 7 

i 3/26 

3.25 

55 

10 

4.16 

7 

, 20.0 

3/26 

2.625 

55 

Full 

3,66 

8 

20.4 

3/27 

3 50 

60 

Fall 

4.83 

9 

15.2 

3/27 

4.75 

60 

Fall 

1.83 

10 

25.4 

3/28 

1.0 

50 

Fall 

2.00 

Average 

3 2 



3.63 


of 45 to 60 mm. Hg for one-lmU hour. The first two bleedings usually consisted of 1.0 
per cent of the dog’s body weight, the next two of 0.5 per cent of body weight, and sub- 
sequent bleedings of 0.25 per cent of body weight. The magnitude of successive bleed- 
ings after the first was determined by the blood pressure level produced by the previous 
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hemorrhage Bleedings vsere stopped when the blood pressure remained at the above 
mentioned level for thirtj mmutts In the 40 to SO dogs in which shock has been in 
duced bj this method no spontaneous recovcncs ha\c occurred 

Tt^enty healthy dogs selected at random were placed under continuous ether anes 
thcsia by means of tracheal cannula and ether bottle Cannulae were tied m the left 
carotid artery for recording blood pressure m the left femoral artery for bleeding 
The right femoral vein was cMposod for intravenous injections Shock was then in 
duced m all of these animals by the method described above Ten of these dogs were 
regarded as controls and nothing further was done to them The remaining ten dogs 
after having been left at the above mentioned blood pressure level for thirty minutes 
were given 1 0 mgm /kgm thiamin chloride intravenously and 2 0 mgra /kgm thiamin 
chloride intramuscularly Thereafter at two hour intervals they were given 0 5 
mgm /kgm thiamin chlonde mtramuscularlj I he thiamin was administered as al 0% 
solution in distilled w ater All of the animals w ere allowed to succumb and the time of 
death was noted 

The results of this Btud> are summarized in tables 1 and 2 
DISCUSSION 

The average sunival time of the thiamin treated ammals was found to be 
2 4 times that of the controls The probability of chance occurrence of this 
increase in surM\al time is calculated to be less than 0 01 

A rise in blood pressure, ranging from 5 to 50 mm Hg, was seen in 70 per 
cent of ♦he treated ammals This increase began about thirty minutes after 
thiamin administration and lasted at least one hour, after which time the 
blood pressure gradually fell until the death of the animal In the remaining 
30 per cent of the treated animals the blood pressure did not nse but was 
sustained for a considerable time at the original shock ]e\el before declining 
as the animal died In 30 per cent of the controls a rise in blood pressure 
was seen but this was transient and only 10 mm Ilg m each case The 
blood pressure of the remaining controls decreased steadily until the animal 
died No attempt was made to administer fluids or to restore blood \olume 
in any of these animals 

It should be noted that the dogs were anesthetized with ether In mcw 
of the impro\ement brought about in alcoholic patients bj administration 
of \itamm Bi there is a possibility that part of the beneficial effects seen in 
this scries of animals may have been due to counteraction of some of the 
effects of the anesthetic This point has been in\ cstigated and the result of 
tlus study, as well as data on the effect of thiarmn administration on carbo- 
hydrate metabolism in shock are found m the paper which follows 

SUMMARY 

1 The survnal time of dogs, anesthetized with ether, in which shock has 
been induced bj hemorrhage is significantly greater m tho^c animals treated 
with thiamin than in untreated animal 

2 This increase m suniNal time is m most cases accompanied by a sig- 
nificant sustained nse in blood pressure 
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In the preceding paper (1) we ha\e presented evidence which indicates that 
administration of thiamin to ethenzed dogs m which shock was induced by 
repeated hemorrhages results in a marked prolongation of survival time 
Lohmann and Schuster (2) hav e show n thiamin, as a coenzyme, to be essential 
in the metabolism of pyruvic acid Platt and Lu (3) have showm that the 
increase of blood pyruvate values may be correlated with the degree of vi- 
tamin Bi deficiency in cases of ben ben, and that the blood pyruvate de- 
termination may be used as a diagnostic test m this disease Evidence that 
diphosphothiamin may catalyze the decarboxylation of other keto acids than 
pyruvic, such as a ketobutync and a ketovalenc, has been obtained by Long 
and Peters (4) m their work on pyruvate oxidation in brain tissue 
On the basis of the above work, it was decided to determine blood keto 
acids, blood sugars, and blood lactic acids in animals in a state of shock due 
to hemorrhage, before and after treatment with thiamin, in order to de 
termine whether or not any correlation might be found between blood levels 
of these substances and the improvement noted in thiamin treated animals 
or the failure of improvement noted in the controls Since it was suspected 
that ether as an anesthetic might hav e been responsible for some of the dis- 
turbances seen in the animals reported m our previous paper, and that thiamm 
might be simply remedying toxic effects of ether, the present experiments 
were carried out on dogs anesthetized locally with procaine, as well as on 
animals anesthetized with ether The abov e determinations w ere al*o earned 
out on etherized animals which were not bled or otherwise traumatized, and 
on dogs the femoral arteries of which were cannulated under procaine anes- 
thesia, but which were not otherwise traumatized or bled 
The results of these several sets of experiments are presented below 
Group J Six dogs were selected at random and divided into two groups 
of three each Shock was produced m all of thc<!e animals by fractional 

^Tbia work was supported by grants from the Malhnckrodt Chemical Company and 
the National Research Council 
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bleedings (1) at 30 minute intervals after cannulation of both femoral arteries 
under infiltration anesthesia by procaine. One group of three animals was 
allowed to expire without treatment; the other three were given thiamin. 
The thiamin was administered as a 1.0 per cent solution in distilled water 
and was given in the following amounts: 1.0 mgm./kgm. intravenously and 
2.0 mgm./kgm. intramuscularly after the blood pressure had remained be- 
tween 45 and 60 mm. Hg for 30 minutes, followed by 0.5 mgrh./kgra. intra- 
muscularly every hour thereafter. 

Blood samples were drawn from the right femoral artery, the left femoral 
artery being cannulated for blood pressure recording. The samples were 
used for keto acid, blood sugar, and lactic acid determinations. Keto acids 
were determined by the method of Lu (5) with the modification of Bueding 
and Wortis (6), (using 3.0 N NaOH), blood sugars by the Hoffman (7) modi- 
fication of the Folin-Wu technique, and blood lactic acids by the method of 
Dische and Laszlo (8). 

Several check analyses for keto acids with a single blood sample indicated 
that the method, as used by us, yielded values accurate to within about 
5 per cent. 

The results of these determinations are summarized in tables 1 and 2. 

It may be seen from tables 1 and 2 that the values for blood keto acids 
rise progressively as the animal sinks into shock and, in the case of the con- 
trols, remain high until the death of the animal. The same rise occurs in 
the thiamin-treated animals, followed by a sIoav decline in keto acid values 
during the first few hours after thiamin administration. Twenty-four hours 
later the keto acids are seen to have returned almost to the normal level. It 
is interesting that all three of the thiamin-treated animals recovered, whereas 
the maximum survival time of the untreated animals was 5.5 hours. Hyper- 
glycemia was seen in four of these dogs. All of the control animals died with 
a hypoglycemia. Blood lactic acid values increased markedly as these ani- 
mals went into shock, as has been reported by other investigators (9). In 
the case of the thiamin-treated animals these values decline as the animals 
recover. 

Group 11. The six dogs of this group were treated as were the dogs of 
Group I, with the exception that they were placed under ether anesthesia by 
means of tracheal cannula and ether bottle. The animals were kept in full 
surgical anesthesia as judged by abolition of reflexes and muscular relaxation, 
but no attempt was made to estimate the blood ether concentration or to 
relate it to the blood keto acid level. Three animals were regarded as con- 
trols and the remainder were treated with thiamin, as were those of Group 1. 
Results obtained from this series of animals are shown in tables 3 and 4. 

A rise in blood keto acids, hyperglycemia, and high blood lactic acid valu^ 
were seen in these animals, as in those of Group I. The blood keto acid 
values appeared to be somewhat lowered after thiamin administration co- 
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incident the blood pressure nse attendant on the improvement of these 
dogs When the keto acid levels after 30 minutes of shock are compared 
with those at death, the average rise of the control animals is 0 7 mgm /lOO 
cc , whereas the average fall seen m the treated dogs is 0 4 mgm /lOO cc. 


TABLE 1 

Procaine — hemorrhage — ikiamtn 


TIME 

KETO 

»COAK 

1 LACTIC 1 

ACIP 1 



mgm ISOO 

mgm /lOO 

mipn /too 1 


Before experiment 

14 j 

140 0 

62 0 * 

19 2 kgm , d’’, 4/28 Procaine anes- 

After 30 mi nutes shock 

3 3 

210 0 , 

139 0 

thesia Total bleeding 3 0 per 

•Thiamin 

1 



cent of body weight Survival 

1 hour 

4 1 , 

186 0 1 

182 0 

time — recovered •Thiamin, 1 0 

2 hours i 

4 1 

122 0 1 

158 0 

mgm /kgm IV and 2 0 mcm /kgm 

3 hours 

3 5 

113 0 

158 0 

IM, 0 5 mgm /kgm IM every hour 

4 hours 

3 1 

no 0 

212 0 

thereafter Total = 55 mgm / 

5 hours 1 

Dog's 

wounds sutured 

kgm 

24 hours I 

2 2 , 

90 0 1 

38 0 


Before experiment 

1 g 

no 0 

74 0 

118 kgm , ifi 5/19 Procaine anes- 

After 30 minutes shock ; 

4 5 1 

104 0 1 

134 0 

thcsia Total bleeding 1 25 per 

•Thiamin 




cent of body weight Survival 

1 hour 1 

4 0 1 

SC 0 

139 0 : 

time — recovered •Thiamin, 1 0 

2 hours 

4 9 1 

94 0 

145 0 

mgm /kgm IV and 2 0 mgm /kgm 

3 hours 

4 7 

80 0 

139 0 

IM, 0 5 mgm /kgm IM cverj 

4 hours 

4 c : 

94 0 

139 0 1 

hour thereafter Total = 5 5 

5 hours 

Dog’s 

wounds sutured | 

mgm /kgm 

6 hours 

4 3 

90 0 1 

133 0 


24 hours 

2 3 

112 5 

104 0 


Before experiment 

1 6 

125 0 

84 0 

12 9 kgm , ci", 5/13 Procaine anes- 

After 30 minutes shock 

4 3 

' 158 0 

122 0 

thesia Total bleeding 2 0 per 

•Thiamin 


! 


cent of bodj v\ eight Survival 

1 hour 

6 2 

1 138 0 

1 126 0 

' time — recovered *Thiamin, 1 0 

2 hours 

5 3 

112 0 

95 0 

mgm /kgm IV and 2 0 mgm /kgm 

3 hours 

1 4 7 

1 120 0 

126 0 

IM, 0 5 mgm /kgm IM ever^ 

4 hours 

5 2 

I 100 0 

’ 126 0 

' hour thereafter Total =* 6 0 

5 hours 

4 3 

1 106 0 

' 126 0 

' mgm /kgm 

6 hours I 

Dog’s 

wounds sutured 


24 hours 

2 4 1 

! 02 0 [ 

94 0 1 



The probability of chance occurrence of these values is less than 005 Sur- 
vival times of the thiamm-trcated dog& averaged slightly greater than those 
of the controls but this was not significant in view of the small number of 
animals 

Group III Eight dogs were u«cd m this group They were placed on 



i AiSLii:/ 'Z 

Procaine — hemorrhage 


TIMB 

KETO 

ACIDB 

BLOO& 

aUQAR 

LACTIC 

ACID 


mgm./ 

mgm,/ 

mgm./ 


100 cc. 

100 cc. 

100 cc. 

Before experiment . . . . 

1.1 

100.0 


After 30 minutes shock. 

3.6 

225.0 


1 hour 

4.5 

126.0 


2 hours 

4.3 

111.0 


3 hours 

4.2 

80.0 


At death 

4.9 

55.0 


Before experiment. . . .* 

1.7 

135.0 

79.0 

After 30 minutes shock. 

4.1 

210.0 

148.0 

1 hour 

4.0 

130.0 

135.0 

2 hours 

4.1 

133.0 

124.0 

3 hours 

j 4.8 

126.0 

130.0 

4 hours 

! 5.1 

95.0 

158.0 

5 hours 

5.1 

81.0 


At death 

5.3 

62.0 

280.0 

Before experiment .... 

2.1 

115.0 

64.0 

After 30 minutes shock. 

2.9 

118.0 

122.0 

1 hour 

4.6 

110.0 

126.0 

At death 

4.5 

86.0 

158.0 


22.7 kgm., cf, 4/25. Procaine anesthe- 
sia. Total bleeding 3.5 per cent of 
body weight. Survival time from 
onset of shock — 3,5 hours 


8.95 kgm,, 9, 5/20. Procaine anesthe- 
sia, Total bleeding 3.0 per cent of 
body weight. Survival time from 
onset of shock — 5.5 hours 


7.65 kgm., 9, 5/14, Procaine anesthe- 
sia. Total bleeding 1.03 per cent of 
body weight. Survival time from 
onset of shock — ^1.66 hours 


TABLE 3 
Ether — hemorrhage 


TIUE 

BETO 

ACIDB 

BLOOD 

BUOAR 

LAcnc 

ACID 


Before experiment .... 

mgm./ 
100 cc. 

2.3 

mgm./ 

lOOce. 

83.0 

mgm./ 
100 ee. 

102.0 ! 

7.3 kgm., cf, 5/22, Ether anesthesia. 

After 30 minutes shock. 

4.8 

150.0 

280.0 

Total bleeding 2.5 per cent of body 

1 hour 

3.9 

64.0 

280.0 

weight. Survival time — 5.5 hours 

2 hours 

3.7 

70.0 

216.0 


3 hours 

3.8 

1 50.0 

234.0 


4 hours 

3.8 

43.0 

216.0 


5 hours (at death) . . . 

5.3 

38.0 

256.0 


Before experiment. . . . 

1.9 

67.0 

76,0 

9.9 kgm., c?, 5/23. Ether anesthesia. 

After 30 minutes shock. 

3.9 

164.0 

216.0 

Total bleeding 3.0 per cent of body 

1 hour 

5.2 

154.0 

234.0 

weight. Survival time— 3.5 hours 

2 hours 

i 5.1 

90.0 

170.0 


3 hours 

5.7 

86.0 

234.0 


3J hours (at death) . . . 

5.1 

103.0 

280.0 


Before experiment .... 

2.1 

120.0 

79.0 

12.0 kgm., 9, 4/30. Ether anesthesia. 

After 30 minutes shock. 

2.7 

285.0 

200.0 

Total bleeding 3.0 per cent of body 

1 hour 

2.4 

253.0 

230.0 

weight. Survival time— 4. 5 hours 

2 hours 

2.5 

240.0 

178.0 


3 hours 

3.0 

ISO.O 

250.0 


4 hours (at death) .... 

3.2 

146.0 

290.0 
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the dog-boards and kept under continuous ether anesthesia by tracheal can- 
nula and ether bottle. The left femoral artery was cannulated for the with- 
drawal of blood samples and the right femoral vein was exposed by a small 
incision. These dogs were not bled or traumatized in any other way than 
that necessary for cannulation of the above-mentioned structures. Three 
animals were regarded as controls and nothing further was done to them 


TABLE 4 

Hther — kemorrhaffe — ihiamin 


TIUE 

Kuro 

Ant>» 

, SlrODD 

avoAJi 

LACTIC 



iriCnt 

1 




/lobec 

/mee 

/lOOcc 


Before experiment 

1 S 

86 0 j 

60 0 

7 1 kgm , 9 , 6/6 Ether anesthesia 

After 30 minutes ghoek , 

3 9 j 

170 0 

140 0 

Total bleeding, 3 25 per cent of body 

•Thiamin 




eight Survival time — 4 hours 

1 hour 

4 2 ; 

153 0 

142 0 j 

•Thiamin, 1 0 mgm /kgm IV and 2 0 

2 hours 

3 S 

137 0 

136 0 1 

mgm /kgm IM, 0 5 mgm /kgm IM 

3 hours 

4 0 

115 0 

158 0 

every hour thereafter Total = 45 

At death 

4 1 

93 0 

230 0 

mgm /kgm 

Before experiment 

2 3 

95 0 

118 0 1 

6 55 kgm , o', 5/7 Ether anesthesia 

After 30 minutes shock 

3 9 

156 0 

96 0 1 

Total bleeding, 3 0 per cent of body 

•Thiamin 




iveight Survival time — 5 hours 

1 hour 1 

3 7 1 

107 0 1 

138 0 

•Thiamin, 1 0 mgm /kgm IV and 2 0 

2 hours 

3 1 1 

100 0 j 

135 0 

' mgm /kgm IM, 0 6 mgm /kgm IM 

3 hours , 

3 0 1 

105 0 

146 0 

1 every hour thereafter Total = 50 

4 hours 

3 1 

97 0 ' 

139 0 

mgm /kgm 

At death I 

3 1 

90 0 j 

139 0 

1 

Before experiment , 

2 S 



6 2 kgm , 9 , 5/12 Ether anesthesia 

After30 minutes shock 

4 4 

300 0 j 

232 0 

Total bleeding 2 0 per cent of body 

•Tbvttmwv 




wevgUt Survival tinve — 7 0 haura 

1 hour 

3 9 

300 0 

230 0 ! 

•Thiamin, 1 0 mgm /kgm IV and 2 0 

2 hours 

4 2 

300 0 

300 0 

mgm /kgm IM, 0 5 mgm /kgm IM 

3 hours 

4 3 

290 0 

284 0 1 

every hour thereafter Total = 60 

4 hours 

4 1 

2S0 0 

2SS 0 j 

mgm /kgm 

6 hours 

4 2 

188 0 

284 0 1 


6 hours 

3 9 

13S 0 

284 0 1 


At death 

3 8 , 

107 0 i 

185 0 



6a\e for the withdraw^al of 8 0 cc of blood for analysis everj’’ hour for 6 hours 
in two animals, for 3 hours in the remaining one. The other five dogs were 
treated as were the controls with the exception that thiamm was given after 
three hours had elapsed 

The results obtained in tliis group are summarized in tables 5 and 6 
It will be seen from these tables that moderate rises in blood keto acids 
occurred in six of the eight dogs under anesthesia. A hyperglycemia of va- 
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riable magnitude and a hyperlactacidemia occurred in all of the animals in 
which these substances were determined. Blood keto acids of the controls 
remained somewhat elevated until the animals were killed at the end of the 
experiment. In the dogs whose keto acid values rose under ether, thiamin 
administration was followed by a slow decline in these values. 

It is noteworthy that the rise in blood keto acids in these animals did not ^ 


TABLE 5 
Ether 



KETO 

ACIDS 

BLOOD 

8U0AR 

LACTIC 

ACID 


— ^Ether begun 

Five minutes after 
ether 

rngm.l 
100 cc 

2 4 

mgm / 
100 cc 

135 0 

mgm./ 
100 cc 

108 0 

5 5 kgm., 9, 5/27 Ether anesthesia 
N 0 hemorrhage N o thiamin 

1 hour 

2 3 

137 0 

126 0 


2 hours 

2 6 

150 0 

111 0 


3 hours 

2 0 

170 0 

117 0 


4 hours 

2 1 

280 0 

158 0 


5 hours 

2 4 

260 0 

178 0 


6 hours 

2 6 

220 0 

135 0 


— >Ether begun 

Five minutes after 
ether 

2 3 

124 0 

126 0 

7 0 kgm , &, 5/27, Ether anesthesia 
No hemorrhage. No thiamin 

1 hour 

2 5 

156 0 

158 0 


2 hours 

3 3 

177 0 

255 0 


3 hours 

3 0 

223 0 

280 0 


4 hours 

3 3 

240 0 

234 0 


5 hours 

3 2 

225 0 

216 0 


6 hours 

3 4 

172 0 

158 0 


Before experiment 

15 minutes later 
—►Ether begun. 

1 hour 

2 hours 

3 hours 

2 6 

2 3 

2 8 

3 9 
41 



10 2 kgm , c?, 6/20 Ether anesthesia 
No hemorrhage No thiamin 


approach the magnitude seen in those in shock. It seems reasonable to sup- 
pose that an animal which has not suffered depletion of circulating blood 
volume or tissue anoxia would be better able to cope vith an increased blood 
keto acid content than would one which has suffered the results of hemor- 
rhage shock. However, it is evident that thiamin may be of ^^alue in reducing 
blood keto acid increments in uncomplicated ether anesthesia. 

Group IV, Two dogs were allowed to remain tied down for three hours 



TABLE 6 
Ether — Ihtamtn 



XETO 

AQDa 

blood 

tvQxa 

uenc 

AOD 



ffvm./ 

mom./ 

mom 1 



fOOee 

100 CO, 

100 (C 


—♦Ether begun 




6 3 hgm , cP*, 5/26 Ether anesthesia 

Five minutes after 




No hemorrhage •Thiamin, 1 0 

ether 

2 3 

70 0 

80 0 

mgm /JLgm IV and 2 0 mgm /kgm 

I hour 

3 0 

162 0 

126 0 

IM, 0 5 mgm /kgm IM every hour 

2 hours 

3 6 

188 0 

126 0 

thereafter Total = 40 mgm /kgm 

3 hours 

3 5 

205 0 

150 0 


*Thiamm 





4 hours 

2 3 

20S 0 

' 133 0 


5 hours 

1 2 3 

247 0 

i 144 0 


6 hours 

2 1 

216 0 

, 126 0 


-♦Ether begun 




11 3 kgm , o’, 5/26 Ether anesthesia 

Five minutes after 




No hemorrhage •Thiamin, 1 0 

ether 

1 9 j 

SO 0 

73 0 

mgm /kgm IV and 2 0 mgm /kgm 

1 hour 

2 6 

ns 0 

139 0 1 

IM 0 5 mgm /kgm IM every hour 

2 hours j 

3 6 

103 0 

200 0 

thereafter Total = 45 mgm /kgm 

3 hours 

3 6 1 

IW 0 

200 0 


♦Thiamin | 



1 


4 hours 

3 1 

117 0 

200 0 


5 hours 

2 7 

133 0 

171 0 


6 hours 

2 4 

126 0 

148 0 


Before experiment 

1 8 



S 4 kgm , 9 , 6/18 Ether anesthesia 

16 minutes later 

1 9 



No hemorrhage •Thiamin, 1 0 

—♦Ether begun 




mgm Agni IV and 2 0 mgm /kgm 

1 hour 

2 0 



IM, 0 5 mgm /kgm IM every hour 

2 hours 

1 7 



thereafter Total = 50 mgm /kgm 

3 hours 

1 7 




•Thiamin 





4 hours 

1 9 




5 hours 

1 7 




6 hours 

2 1 




7 hours 

2 0 




8 hours 

1 7 




Before experiment 

2 0 



7 1 kgm , o', C/19 Ether anesthesia 

15 minutes later 

2 2 



No hcmorrh^gc *Thiamin, J 0 

—♦Ether begun 




mgm /kgm IV and 2 0 mgm /kgm 

1 hour 

2 9 



IM, 0 5 mgm /kgm IJI every hour 

2 hours 

2 9 



thereafter Total =50 mgm /kgm 

3 hours 

3 5 




•Thiawm 





4 hours 

3 4 




S hours 

3 1 




6 hours 

2 7 




7 hours 

2 2 




S hours 

2 3 
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TABLE 6— Concluded 


KVTO BLOOD 
acids 8DOAB 


LACTIC 

ACID 


mffm,/ 
100 ee. 


m^m./ 
100 cc. 


mpm,/ 
100 cc. 


Before experiment, . . . 

15 minutes later j 

—►Ether begun; 

1 hour 

2 hours 

3 hours . 

*Thiamin: 

4 hours 

6 hours 

6 hours 

7 hours 

8 hours 


2,1 

2.0 

2.2 

3.5 

3.4 


8.7 kgm., cT, 6/20, Ether anesthesia. 
No hemorrhage. *Thiamin, 1.0 
mgm./kgm. IV and 2.0 mgm./kgm. 
IM; 0.5 mgm./kgm. IM every hour 
thereafter. Total = 5.0 mgm./kgm. 


3.1 

3.1 

2.8 

2.7 

2.8 


TABLE 7 
Procaine 



K£T0 

acids 

BLOOD 

SUGAR 

LACnc 

ACID 



rnjm,/ 

mgm.i 

mgm.f 



100 cc. 

100 cc. 

100 cc. 


—♦Procaine*— 




6.7 kgm., c?*. Procaine anesthesia. 

Sample I 

1,5 

80,0 

72.0 

No hemorrhage 

1 hour 

0.9 

73.0 

71.0 


2 hours 

0,9 

72.0 

72.0 


3 hours 

1.0 : 

66.0 

72.0 j 


—►Procaine*— 




1 

6.0 kgm., cf*. Procaine anesthesia. 

Sample I 

1.3 

73.0 

58.0 

No hemorrhage 

1 hour 

0.7 

72.0 

lOS.O 


2 hours 

1.3 

73.0 

83.0 


3 hours 

1.0 

75.0 

81.0 



after cannulation of the right femoral artery under procaine anesthesia for 
removal of blood samples. These samples were withdrawn at hourly in- 
tervals. At the end of the three hours the dogs' wounds were repaired and 
the animals were returned to their cages. They were not subjected to hem- 
orrhage. 

The results of analyses of blood samples from this group are summarized 

in table 7. - 1 1 1 i 

It will be seen from this table that no increase in blood keto acids or blood 

sugar occurred in this group. Moderate increases in blood lactic acid values 
may be attributed to the dogs' struggling. 
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DISCUSSION 

The chain of events following hemorrhage, namely Tissue anoxia 
Epmephnne secretion — > Hepatic glycogenolysis Hyperglycemia, is well 
Known in these ammals, as is the h 3 T)erlactacidemia occurnng after hemor- 
rhage The data also indicate (i) that blood keto acids (which may include 
pyruvic, acetoacetic, a ketoglutanc, and oxaloacetic) are increased m hem- 
orrhage shock, (S) that there is a fall in these elevated values after thiamin 
administration, (5) that along with this fall a nse of blood pressure and an 
increase of survival time occur, and (4) that similar but much less marked 
changes in blood keto acid values usually occur in ethenzed animals in which 
shock has not been produced 

It IS recogmzed that the need for thiamin is increased when increasing 
quantities of carbohydrate are metabohzed Thus, our ammals, in view of 
their increased blood sugar levels, may be assumed to have an increased 
tbiamm requirement In those dogs subjected to hemorrhage, bleeding it- 
self may have reduced the available tissue thiamin content significantly 

Lu (10) believes that, although the increase of pyruvic acid in circulating 
blood provides a measurable index of avitaminosis Bi, this increase is detn- 
mental only in so far as due to “secondary changes caused by the efforts of 
the organism to remove such an unexpected load of p 3 a-u'vate ” These sec- 
ondary changes, according to her, are the conversion of pyruvic acid into 
other bisulphite binding compounds which may be toxic 

In considering the increase in blood keto acids occurnng in shock due to 
hemorrhage and the fall of keto acid levels \vith increased longevity after 
thiamin treatment, one must take account of several factors First, it must 
be emphasized that w e are probably deahng ^vith an increase in several keto 
acids (other than pyruvic) which may be of varying toxicity Another pos- 
sibility IS that, as Lu (10) suggests, pyruvic acid may be converted into 
other bisulphite binding substances which are toxic A third possibihty is 
that the increase of keto acids in shock and the decrease following thiamin 
administration are entirely unrelated to the symptomatology and pathology 
of the shock syndrome It is important to note that our animals were sub- 
jected to generalized tissue anoxia by hemorrhage and subsequent shock, and 
that the possibility exists that these keto acids or substances formed from 
them may be much more toxic to the cardiovascular and nerv ous system m 
these animals than m the non shocked normal and Bi-avitaminotic ammals 
of Platt and Lu Further studies on this point are planned 

In View of the fact of anaerobic muscle glycogen lactic acid conversion 
in skeletal muscle, the accumulation of large amounts of lactic acid m the 
blood of the tissue anoxic ammal in shock is not surpnsing Wc do not 
bcheAe tlus accumulation to be as significant in producing toxic effects as 
the keto acid increase, since large amounts of lactic acid may accumulate 
temporarily in the blood without detrimental effects after violent exercise 
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Hepatic glycogenolysis and hyperglycemia under ether anesthesia are well 
recognized. It is significant that blood keto acids may also increase and that 
thiamin administration results in reduction of these values. A mechanism 
probably operates here which is similar to that discussed above for hemor- 
rhage shock. It has been noted above that, although a keto acid increase 
usually occurred in these dogs, the values did not often become as high as 
those in the animals which were bled. However, since the rise in keto acids 
may occur under ether and does not occur under local anesthesia, this would 
emphasize the fact that the anesthetic for shocked patients should be care- 
fully chosen. Work in progress at the present time suggests that anesthetics 
vary greatly in their properties of producing a keto-acidosis. 

The studies reported here ulso suggest that if glucose be given to shocked 
patients, it should be accompanied by thiamin. 

SUMMARY 

1. A marked increase in blood keto acids occurs in dogs in which shock 
has been induced by hemorrhage. This increase is accompanied by hyper- 
glycemia and hyperlactacidemia. 

2. Administration of thiamin to these animals is followed by a delayed fall 
in the elevated blood keto acid values. 

3. The increase in survival time and elevation of blood pressure following 
thiamin administration is much more marked in the locally anesthetized ani- 
mal than in the animal anesthetized with ether. 

4. Ether anesthesia alone may produce a moderate increase in blood keto 
acids, a hyperglycemia and increased blood lactic acid values. In these dogs 
also, elevated keto acid values usually fall after thiamin administration. 

5. Animals locally anesthetized with procaine solution and not subjected 
to shock show no rise in keto acids, blood sugar or blood lactic acid. 
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The of protamine zinc insulin has simplified the treatment of diabetes 
niellitus, but three limitations impair its usefulness First, the slow rate at 
which the drug is ab'^orbed dcH^s the onset of a pronounced fall in blood 
sugar until six to eight houis after the injection, many diabetic patients may 
therefore require an additional injection of a more quickly acting iiisulm 
preparation Second, the apparent maximum blood sugar lowering effect 
of protamine zme insulin is reached during the ‘'Ccond twelve hours after 
injection, a period which usually coriesponds with the night houis of fasting, 
hvpogljcemic reactions aie therefore most likelj to occur between midnight 
and breakfast Third, the insulm action maj persist for more than twenty- 
four hours, which causes the effect of one da} ’s dose to be carried o\ei into 
the second daj and opens the wa} for cumulate e effects 

Hagedorn (1), m Ins search for an insoluble protein to combine with insuIm, 
tried histone, which is prepared from thjmic tissue, but he was unable to 
produce a stable compound Biasotti, Deulefeu, and Mendive (2) in 1927 
reported that their pieparation, m which crystalline insulin was combined 
with Jnsfone at a pH of 7-7 2 had a more prolonged action tJian crystsIJme 
msulin Later the same yeai, Gray, Bischoff, and San'sum (3) reported the 
u«:e of a histone insulin which had an action similar to protamine zinc insulin 
Their product was a suspension, but the crystals had a marked tendency to 
clump 

The histone zinc insulin used in this study was prepared by the Eli Lilly' 
Compan^ Insulin, histone, and zinc are mixed m a suitably buffered solu- 
tion When brought into a uniform suspension, each cubic centimeter 
contains 40 units of insulin, approximately 1 3 mgm of histone, and approxi- 
mately 0 08 mgm of zinc The pH of the solution is about 7 0 Phenol 
0 25 per cent is added as a preserv ativo and gly cerine I G per cent as an agent 
for achieving isotomcity 

The essential difference m the composition of the original histone insulin 
ami the present histone zinc insulin lies in the addition of zinc, which has the 
banie sort of stabilizing effect on tins precipitate as it Ins on that of protamine 
331 
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insulin. The effect of zinc in furtlier prolonging the action of the product 
turns out to be about what would be expected in view of the experience with 
the original protamine insulin. Data on the effect of histone zinc insulin in 
animals have been collected and will be reported in a separate publication. 
The results are similar to those obtained in man. 

METHODS 

Twelve patients suffering from diabetes mellitus and one normal subject were studied 
at the Pennsylvania Hospital during the course of this investigation. The aim was to 
contrast the time of onset, the duration, and the degree of the hypoglycemic effects 
produced by single doses of each of four types of insulin— protamine zinc insulin, zinc 
insulin crystals in solution,' unmodified insulin, and histone zinc insulin. 

At intervals of not less than one week, the patients received equal quantities of pro- 
tamine zinc insulin, and either unmodified insulin or crystalline insulin. (It has been 
shown by Marble and Vartiainen (4a), Ricketts and Wilder (4b), and Duncan, Cuttle, 
and Jewesbury (4c) that there is no appreciable difference in the action of unmodified 
insulin and crystalline insulin as now commercially available in the United States.) 
After a suitable control period, during which the patient received a weighed diet and 
insulin, the insulin was discontinued for a length of time considered sufficient for its 
action to have become e.\hausted. After a fasting period of twelve hours venous blood 
was obtained for determinations of the sugar level,* and a dose of insulin was given. 
The amount of insulin prescribed for each patient was based upon the severity of his 
diabetes, with due consideration for age, general body stature, and the amount of insulin 
which experience had shown to be necessary to maintain the level of the blood sugar 
within normal limits. In order to maintain a constant intake of carbohydrate through- 
out the period of observation each patient was given fruit juice containing 20 gm. of 
carbohydrate concurrently with the insulin and at two-hour intervals thereafter un- 
til the effect of the insulin was exhausted. Determinations of the blood sugar level 
were made every two hours, coinciding with the time of the administration of the car- 
bohydrate. 


CASE REPORTS 

Case 1. D. C., a wliite male, aged 55 years, height 162 cm. (64 inches), weight 61.2 
kgm, (135 pounds), was admitted on August 28, 1939, with a history of diabetes of two 
years’ duration. His diet contained protein 90 grams, fat 116 grams, and carbohydrate 
200 grams (2200 calories). He was given 80 units of protamine zinc insulin a day. After 
a period of six weeks, during which other investigations were pursued, and after a con- 
trol period of five days, the insulin was withheld for forty-eight hours. He was then 
given 78 units of unmodified insulin. A prompt decrease in the blood sugar from a 
fasting level of 180 to 41 mgm. per cent was observed (see fig. 1) during the first four 
hours, but thereafter the level rose until after twelve hours it was 216 mgm. Four weeks 
later insulin was again withheld and observations were made after the administration of 
78 units of protamine zinc insulin. The sugar concentration in the blood rose from a 
fasting level of 183 to 209 mgm. per cent during the first four hours, but fell, particularly 
between the sixth and tenth hours, so that levels bel ow 100 mgm. per cent were main- 

' Zinc insulin crystals in solution is designated crystalline insulin for the sake of 

» Determinations of the blood sugar level were made using Benedict’s (5) modifica- 
tion of the macromethod of Folin and Wu. 
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tamed from the tw elfth to the tv, enty si vth hour After an interval of six \\ ceks ho once 
more received no insulin for fortj eight hours and was given 78 units of histone nne 
insulin The fasting level of 202 mgtn fell to 146 mfim per cent in two hours It rc 
mamed within the normal range for eighteen hours nsuii, to 182 mgm at the twentj- 
second hour 



Hour* 

Fio 1 Case I Depicts t«e Uelative Effects of 78 Umts op Each, U^MOWT^lD, 
PnoTAMiNB Zinc, and Histone Zinc Insulin, on the Blood Sugar Con- 
centration UNDER Controlled CoNomoNa 
Histone Zinc Insulin, , Protamine Zinc Insulin — • , Unmodified Insulin — — — • 

Comment on Case 1 The efTect of unmodified insulm persisted for about 
eight hours (see fig I) The protamine zinc msulm apparently became 
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effective only after four hours but its effect was continued for twenty-eight 
hours. The preliminary rise, while not great, nevertheless is of clinical 
significance in the routine treatment of diabetes, since one must give a quickly 
acting insulin (crystalline insulin or unmodified insulin) in addition to pro- 
tamine zinc insulin to maintain a normal blood sugar level during this period. 
The action of histone zinc insulin was apparent at the end of two hours and 
was exhausted in twenty-two hours. 

Case 3. H. M., a white male, aged 18 years, height 165 cm. (65 inches), weight 47.6 
kgm, (105 pounds), was admitted on January 5, 1940. He gave a history of diabetes 
mellitus of one year's duration. During the four months prior to his admission, the 
disease had apparently become more severe, and although his daily dose of insulin was 
increased from 16 to 32 units of protamine zinc insulin, hyperglycemia persisted. He 
was losing weight, suffering from frequent head colds, and complaining of weakness. 
The diet contained protein 100 grams, fat 133 grams and carbohydrate 300 grams (2800 
calories). His insulin requirement was found to be 32 units of unmodified insulin and 
75 units of protamine insulin before breakfast each morning, with an additional 18 units 
of unmodified insulin before the evening meal. After the diabetes was controlled for two 
months the patient's weight increased to 56.7 kgm. and he enjo 3 "ed good health. The 
insulin was then withheld for forty-eight hours, at which time he was given SO units of 
crystalline insulin and fruit juice containing 20 grams of carbohydrate. At two-hour 
intervals determinations of the blood sugar were made, and the subject was given similar 
amounts of fruit juice. The blood sugar fell from a fasting value of 236 to 53 mgm. per 
cent in four hours, but it rose shortly thereafter and the fasting level was again reached 
at the end of twelve hours (see fig. 2). One week later the same procedure was repeated 
using 80 units of unmodified insulin. The fall in the blood sugar was as prompt as when 
crystalline insulin was employed. Low blood sugar values were maintained for about 
two hours longer than in the first observations with this patient, but the hyperglycemic 
level were soon reattained. The following week SO units of protamine zinc insulin were 
given as a test dose. The blood sugar rose from a fasting level of 247 to 284 mgm. during 
the first four hours after injection, but fell graduallj' to a level of 91 mg. at the eighteenth 
hour. Thereafter, although the level rose somewhat, it did not regain the fasting level 
within the observation period, which was thirty-four hours. The next test dose, given 
after a week had elapsed, was 80 units of histone zinc insulin. A slight rise in the blood 
sugar level, from 246 to 265 mgm. per cent, occurred during the first two hours, but 
following this rise the level fell gradually reaching its lowest point — 74 mgm. per cent 
at the eighteenth hour; it rose to 126 mgm. at the twcnty-^second hour, and to 176 mgm. 
at the twenty-fourth hour. 

Comment on Case 3: The observations made upon this patient are recorded 
graphically in figure 2. The similarity of the effects of unmodified and crystal- 
line insulin is striking. There was a rise in the blood sugar level during the 
hours immediately following the injection of both protamine zinc and histone 
zinc insulin but this was less pronounced and briefer with the histone zinc 
preparation. Clinically, this rise can be prevented by giving the histone zinc 
insulin at a slightly longer interval before breakfast than is customary and 
by dividing the diet as foUows: one fifth for breakfast, two fifths for lunch and 
two fifths for supper. It has not been necessary, in our experience, to pve an 
additional dose of unmodified or crystalline insulin to prevent this brie rise 
except in rare instances. 
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Case 8 G G , ft white female, aged CO years, height 162 cm (&4 inches), weight 54 
kgm (119 pounds), "ftas admitted to the hospital suffering frona arteriosclerotic heart 
disease and diabetes mellitus The diabetes uas of ten years' duration and nas well 



Haurs 

F ^ “ T - -o, T« iDirTEBENT 

.* 1 . * , . ■■ . • ( . Ukmodifibp 

» ' ' . . ■ 1 ■ ■ ■ . ■ PnOTASlINB 

. :• • I , • . OF Histone 

Zinc Insulin 

Histone Zinc Insulin, , Protamine Zinc Insulin, — , Unmodified Insulin, j 

Crjstalline Insulin, — 

controlled at the time of admission The diet contained protein 70 grams, fat 58 grains, 
and carboh) dratc ISO grams (1400 calories) She received 20 units of erj stalhne insulin 
before each meal At the time of admission she a as suffering from cardiac decompensa- 
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tion, but with rest and the administration of digitalis the extreme dyspnea, edema, and 
hydrothorax subsided, A period of freedom from signs or symptoms of cardiac decom- 
pensation having elapsed, the initial test dose to 20 units of crystalline insulin was ad- 
ministered after the fasting blood sugar level was obtained. The blood sugar concentra- 
tion fell from 126 to 93 mgm. per cent during the first four hours, rose gradually after six 
hours, and reached a level of 180 mgm. at the conclusion of the test (24 hours) (see fig. 
3), One week later, similar studies were made with 20 units of lustonc zinc insulin. 
There was a moderate fall in the blood sugar level which was sustained until the twenty- 
fourth hour. After 20 units of protamine zinc insulin were given, the blood sugar level 
rose from 116 to 156 mgm. per 100 cc. in four hours. Thereafter it fell gradually until the 
completion of the study at the end of twenty-four hours. 

Comment on Case 8: This patient had a much milder type of diabetes than 
the preceding patients, nevertheless the contrast between the effects of the 
various' types of insulin is discernible (fig. 3). A rapid but brief period of 
action was observed with cr^^stalline insulin, a delayed but prolonged period 
of action with protamine zinc insulin, and both an immediate and prolonged 
period of action with histone zinc insulin. 

Case tU J. J., a white male, aged 55 years, height 174 cm. (68 J inches), weight 77.1 
kgm. (170 pounds), was admitted to the Pennsylvania Hospital with a history of diabetes 
of 30 months' duration. The diet contained protein 72 grams, fat 132 grams, carbohy- 
drate 132 grams (2200 calories). A comparative study of the effect of single doses of 
various types of insulin were made. At its completion, the study, results of which are 
shown in figure 4, was undertaken. The patient was given 48 units of protamine zinc 
insulin before breakfast each morning. Determinations of the blood sugar level were 
made daily before each meal and at nine in the evening. Almost uniformly, a rise in the 
blood sugar level was noted between 7 and II in the morning and a progressi ve fall there- 
after to a normal level the following morning. Six days later 20 units of unmodified 
insulin were given in addition to the 48 units of protamine zinc insulin, the two being 
injected at different sites. The forenoon hyperglycemia was corrected by this measure, 
the blood sugar level being normal at 11 a.m. On the fourth day of this program the 
unmodified insulin was omitted and a sharp rise of the blood sugar level was noted. 
Resumption of the unmodified insulin was followed by a return to the previous type of 
curve. 

An injection of 68 units of histone zinc insulin was given before breakfast each day in 
place of the protamine zinc and unmodified insulin. There was a daily fall of the blood 
sugar level by 11 a.m. and the level remained within the limits of normal throughout the 
period of observation. 

Protamine zinc insulin, 68 units, was then substituted for histone zinc insulin. The 
curves returned to the type seen with protamine zinc insulin in the initial observation, 
an increase in the blood sugar concentration occurring during the first four hours and a 
fall during the ninth hour after injection. The fluctuations in the blood sugar values 
were less marked than were observed when smaller doses of protamine zinc insulin vrere 
employed. 

Comment on Case 11: A single injection of histone zinc insulin was sufficient 
to replace the combined effect of a dose of protamine zinc insulin and a dose 
of unmodified insulm in this patient. Most patients with diabetes mellitus, 
when given a single injection of histone zinc insulin each morning one hour 
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bc/brc brcakf'ist, nilJ ha^e a normal Wood sugar concentration and no 
ghcosuna throughout the daj Some patients iMth severe diabetes will 
require a second injection before the e^ enmg meal in order to bridge the period 
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^ote the apparent prolonged effect of the histone zinc insulin in this tjpe of patient 
Histone Zinc Insulin Protamine Zinc Insulin, — , Crystalline Insulin — — 

of from four to six hours between the time when one day^s dose 13 exhausted 
and the nc\t daj 's dose is git en In most adult patients, however, this is 
unnecessary, as this period comcides wnth the early morning fasting hours 
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DISCUSSION 

From the data obtained m observations made on twelve diabetic patients 
and one nondnbetic patient, it was found that the> fell mto two groups (see 
table 1) Sl\ of the patients (2 6 8 9, 10 13) maj be classified as having 
mild diabetes As a group they were older and more obese than the individ- 
uals with severe diabetes Clinically they required no msulm or only small 
doses, providing they were maintained on diets suitably restricted m total 
caloric content These patients without exception had normal fasting blood 
sugar levels The point of maximum hypoglycemic effect follow mg the 
injection of each of the various types of msulm was readily observed It was 
much more difficult, however, to determine the pomt at which the action of 
msulm was exhausted as these patients do not tend to have a rapid elevation 
of the blood sugar level as soon as the msulm is no longer effective Patient 
12 IS a nondiabetic subject but shows essentially the same type of blood sugar 
curves as observed m patients with mild diabetes 
Patients 1, 3, 4, 5 7, and 11 fall mto another group The fasting blood 
sugar level m every instance was niaikedly elevated, the average for the six 
patients bemg 226 mgm per cent Blood sugar rapidly returned to hvpei- 
glycemic levels after the action of the msulm was exhausted The resulting 
curves obtained by averaging the blood sugar values of these six patients 
when given cry’stallme or unmodified msulm, protamine zinc msulm, and 
histone zme msulm are presented m figuie 5 Each curv c has been corrected 
so that the fasting blood sugar lev el m each is 226 mgm per cent The rapid 
but evanescent action of crystalline and unmodified msulm is clearly shown, 
as IS the failure of protamine zme msulm to prev ent a morning rise m the blood 
sugar level following breakfast The curve secured with histone zme msulm 
IS slightlv delayed but falls more quicklv than does that with protamine zme 
msulm The action of histone zinc msulm is mo^t apparent betvieen the 
second and twentieth hours after mjection 

SUMMARY 

The comparative effects of identical do«es of histone zme, unmodified 
crystalline and protamine zinc insulin were observed under strictly controlled 
conditions m twelve diabetic patients and in one nondnbctic subject The 
hypoglycemic effects of unmodified and crvstalhnc m<5ulm disappeared 
between six and ciglit hours after administiation whereas those of histom 
zme msulm subsided in eighteen to twentv two hourfe and those of protamine 
zinc insulin between twenty four and thutv si\ hours 
The blood sugar loweimg effect of hi*'tone zme msulm is less abrupt and 
moie prolonged than that of unmodified and crystalline insulin but more 
prompt than that of protamine zmt insulin Tiic'-o qualities make it possible 



TABLE 1 

A presentation of the comparative effects which fow different kinds of insulin exerted on the blood sugar levels in twelve diabetic patients and 
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to secure a contiauously normal blood sugar level and a freedom from glyco- 
suria in a larger number of patients after a single morning injection of histone 
zmc msuhn than is possible when other preparations are emploj'ed. 



Kciirs 

Fig. 5. Composite Graph Comparing the Behavior of the Blood Sugar Levels in 
Six Patients after the Administration of Unmodified or Crystalline 
Insulin, Protamine Zinc Insulin, and Histone Zinc Insulin 
The rapid and short lived effect of the unmodified or crj'Staliine insulin, the delayed 
but prolonged action of the protamine zinc insulin, and the effect of histone zinc insulin, 
which falls between these two, are apparent. , 

Histone Zinc Insulin, ; Protamine Zinc Insulin, . — Unmodified or Crystalline 

Insulin, 


Blood Sugar {Mgn./lOO cc.) 
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AVe are indebted to the Eli Lilly Company' for their generous supply of 
histone zinc insulin used in this investigation and to Harry P. Trueman, 
Harry r. Dickenson and Allan Mitchell for their technical assistance. 
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Propylene glycol is practically a non-toxic solvent or vehicle and preservative 
for medicinal and food products, and possesses a definite glycogenic action. 
These collective properties are not shared by other glycols thus far investigated, 
or by ethyl alcohol (1, 2, 3). These desirable properties have resulted in an 
extensive and increasing utility in the pharmaceutical and food industries and 
in medicine for drugs, chemicals, vitamins, and hormones for internal use, 
and recently it has been proposed as an antiseptic aerosol (9). Oral admin- 
istration of propylene glycol has frequently resulted in such rapid, spec- 
tacular absorption that it was thought desirable to obtain more data according 
to more direct criteria of quantitative absorption and excretion than the 
indirect criteria used heretofore. It appeared especially desirable to determine 
how the absorption from the alimentary canal compared with that of ethyl 
alcohol, which obeys fairly definite laws. This was deemed essential for a 
further and more complete understanding of this glycol before its general 
use in pharmaceutical products and foods is officially approved. Thi^ report 
presents the results of extensive studies of the quantitative aspects of gastro- 
intestinal absorption and of renal excretion of this glycol. 

Most of the data on absorption were obtained on cats, comparisons with 
rats and rabbits being made where indicated. Differences bcriveen species 
will be pointed out wffiere such differences occurred. In general, figated 
intestinal loops were employed for the determination of absorption, variable 
amounts and concentrations of propylene glycol being injected directly into 
the loop. 


ABSORPTION 

Absorption according io anatomical site of the gastrointestinal tract 

A total of 48 cats, 72 rats and 16 rabbits ^Yas used for this purpose. In 
some experiments loops of intestine 15 cm. long w*ere ligated, in others the 
entire stomach or colon was ligated and the absorption from these regions 
determined. Ten cc. of 10 per cent propylene glycol per kilo of body weight 
were injected into the loops. At the end of the absorption period each loop 

344 



FATE OF PROPYLENE GLYCOL 


345 


was removed and washed with 150 cc. of distilled water. The volume of 
washings was made up to 200 cc. and the propylene glycol determined in an 
aliquot portion according to the method of Lehman and NeAvman (4). The 
results on cats are shown in figure 1 as curves of average absorption from 
different anatomical regions of the alimentary canal. The results on rabbits 
and rats were tabulated, but the tabulations are omitted to save space. 
For one thing, the absorption in rabbits and cats was the same, and therefore, 
figure 1 suffices to illustrate the actual, quantitative results in both species. 

Rats showed a somewhat more rapid absorption of the glycol than cats and 
rabbits, but the quantitative relations were similar. For instance, absorp- 
tion from the jejunum was complete wthin 20 to 30 minutes in rats, but was 
only 91 per cent in cats and rabbits at the end of 1 hour. All animals showed 


OASTRO-INTESTINAL ABSORPTION OF PROPYLENE OLYCa 



TO Anatomical Site 

absorption of this glycol from both the stomach and colon, in agreement with 
the absorption of ethyl alcohol reported by HanzHk and Collins (5). No 
difference between the absorption of propylene gb'col from the jejunum and 
ileum could be detected and the results were lumped together. 

Effect of concentration on absorption 

Ten cats 'U’ere used. Four equal loops of jejunum vtgtc tied off and the 
glycol introduced in concentrations of 5, 10, SO and 100 per cent. Care was 
taken to keep the absolute quantity of the glycol the same in each loop. In 
half the cats the absorption period was 15 minutes, in the others one hour. 
The results obtained are shovMi in table 1. 

It is seen that the lower concentrations of propylene glycol were more 
rapidly absorbed than the higher, the difference between the per cent absorbed 
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from a 10 per cent concentration and a 100 per cent concentration being more 
than twice the variation between the absorption of the same concentration in 
different animals. This is different from phenol and alcohol w’here concen- 
tration made no difference in absorption. At the end of one hour all con- 
centrations were about equally absorbed. 

Effect of area of absorbing surface on intestinal absorption 

Ten cats were used. Two loops of jejunum, one 15 cm. and one 75 cm. 
long, were tied off. Equal quantities of 10 per cent propylene glycol w^ere 
injected into each loop. In half the cats the absorption period was 15 minutes, 
in the others one hour. The average per cent absorption from the shorter 
loops (smaller area) was 83.7 per cent in 15 minutes and 91 per cent in one 
hour. The results w^ere almost the same for the intestinal loops 5 times longer, 
i.e., averages of 82.8 per cent in 15 minutes and of 92.8 per cent in one hour. 
Accordingly, and wthin the limits used, the length of the intestinal loop, 

TABLE 1 


Effect of concentration of propylene glycol on absorption from the jejxtnxim 


concentration of oeycol 

USED 

amount absorded in 15 

MINUTES 

amount absorded in 1 noun 

per Cent 

per cent 

percent 

5 

66.4 

91,5 

10 

73.3 

95.2 

50 

58.3 

88.2 

100 

49.4 

90 7 


and hence the area of intestinal mucosa in contact with the glycol, had no 
demonstrable effect on the quantity and the rapidity of the absorption of 
glycol. This w'as also true for alcohol (5). 

Inhibition of absorption 

The results on the effects of concentration of propylene glycol on absorption ^ 
suggested that the higher concentrations migiit cause an inhibition of absorp- 
tion. 'Inhibition of absorption has been shown for alcohol, phenol and iodide 
(5, 6, 7). Experiments similar to tho^^e used for alcohol w’crc made with 
propylene glycol. In each of 5 cats, 4 equal loops of jejunum were tied off. 
Five cc. of 10 per cent propylene glycol per kilogram body weight w^rc 
injected into the first loop. After 15 minutes a blood sample w'as taken from 
the mesenteric vein of this loop and the loop excised. The second loop was 
then injected with the same quantity of propylene glycol, and immediately 
2.5 cc. of 50 per cent propylene glycol per kilogram w’crc injected rapidly 
into the saphenous vein. At the end of another 15 minutes, a blood sample 
was taken, as before, and the loop excised. The third loop w’as injected 
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next propylene gbcol as before and a intravenous infusion of 
50 per cent propjlcne glycol begun Aftei 15 minutes a blood samp’e nas 
taken from a mesenteric vein and the infusion stopped Both the third and 
fourth loops were excised the. latter loop being a control^on passible re-cxcie 
tion of propylene gb col into the intestine The results are shown in table 2 
It IS seen that with a using concentration of propylene glj col in the mtes 
tinal venous blood there was a decrease in rate of absorption of the gljcol 
from the lumen of the same intestine The satuiation of the blood might be 
responsible for the inhibition of absorption However, the effect might be 
due to a deci eased blood flow through the intestmc resulting cither from a 
local damaging effect produced by the handling of the loops, to the operation 
involved m removing portions of the gastrointestinal tract oi to the intrave 
nous injection of a presumablj h>pei tonic solution resulting in a fall of blood 
pressure splanchnic pooling and decreased blood flow through the intestine 
To test this a second series of loops was used exactly similar to those 

TABLE 2 


Increasing mesenteric blood concentration o/ propylene glycol on absorption of ike glycol 
from loops of small intestine* 



LOOP 1 

LOOPS 

LOOP 3 

LOOP 4 

Gljcol absorbed (per cent) 

Mesenteric blood concentration of glycol (rngm 

S5 4 

' 78 5 

70 4 

0 

per cent) 1 

1 345 

1 8C9 

1321 1 



•The loops were injected with gljcol removed in the order numbered in the 
table Loop 1 being hrst and Loop 4 last 


described above but substituting another substance for the mtravenous 
injection It was thought desirable to use some naturallj occuring bodj 
constituent m an equivalent osmotic concentration for this injection In 
order to choose such a substance it was first necessarj to determine how 
propylene gbcol behaved osmoticallj This was tested simplj bj deter 
mining the concentration ncce^sarj to produce hemobsis m cats blood To 
a senes of tubes containing 5 cc quantities of various concentrations of pro- 
pjlcne gbcol in distilled water or in 0 9 per cent sodium chloride 0 02 cc 
of cat’s blood was added The mixture was «:haken allowed to stand for 
40 minutes centrifuged and the hemoglobin estimated in the supernatant 
liquid vnth a photoelectric colorimeter 
Propjlene gljcol was found to hcmolvze blood in all concentrations in 
distilled water However in 0 9 per cent salme solution homoljsis did not 
commence until the concentration of propjlene gljcol reached 38 per cent, 
and was complete at 45 per cent Hence propjlene gljcol acted much like 
urea m its osmotic behavnor For this reason a 40 per cent solution of urea 



348 


W. VAN WINKLE, JR. 


was used as the control injection fluid. A 40 per cent aqueous urea solution 
is the moledular equivalent of a 50 per cent aqueous propylene glycol solu- 
tion. The results with the urea solution used intravenously, instead of the 
propylene glycol solution, are presented in table 3. 

It is seen that the mesenteric blood glycol concentrations did not rise above 
those found without the injection of urea (table 2), Whereas the blood con- 
centration of propylene glycol was increased four-fold and the rate of absorp- 
tion from the intestine decreased 15 per cent, without the use of urea (table 2), 
the blood concentration of propylene glycol remained low and the absorption 
rate was decreased only 3 per cent, when urea was used (table 3). Ihere- 
fore these results suggested an inhibition of absorption. This inhibitloxv was 
most probably related to a high blood concentration of propylene glycol 
rather than to the effects of operative procedure, intravenous injection, or 
change of blood flow resulting from these procedures. This is true because 
the two sets of experiments were identical as to operative and injection 

TABLE 3 


Effect of inlravenouB injection of 40 per cenl urea solution on absorption of 60 per cent 
propylene glycol from loops of small intestine* 


! 

UJOP 1 1 

1 

► — 

X.OOP 2 

1 

LOOPS 

LOOP 4 

Glycol absorbed (per cent) 

Mesenteric blood concentration of glycol (mgm. 

! I 

67.4 

09. 5 

0 

per cent) 

231 j 

314 

342 



* The loops were used in the same way as in Table 2. 


procedures, the only difference being in the solution used for injection. 
These results do not rule out the possibility that the inhibition of absorption 
might have resulted from a slowing of the circulation caused by the presence 
of a high blood concentration of propylene glycol. The blood pressure was 
not recorded, but jud^ng from the results of previous experiments (4) we 
believe that it was probably'’ lowered somewhat. 

A further test of this explanation of the inhibition of absorption was made 
on 10 cats in which the operative procedure w^as less extensive. Following 
a rapid intravenous injection of 2.5 cc. of 50 per cent propylene gb^col per 
kilogram, a loop of jejunum of 15 cm, length was ligated and 5 cc. of 10 per 
cent propylene glycol per kilogram placed into the loop. After 15 xninutes, 
a sample of blood was removed from a mesenteric vein and the loop excised. 
The average Wood concentration of glycol was 1032 mgm. per cent, the aver- 
age absorption of gtycol 66 per cent. This was the smallest absorption ever 
demonstrated for a 15-rainute absorption period, which supports the explana- 
tion that an inhibition of absorption resulted from a high concentration of 
propylene glycol in the blood stream. The physical factor in the absorption 











FATE OF FROPYLENE OLYCOL 


349 


was important m that an. evenness of the gI>col concentration on the opposite 
sides of the absorbing surface tended to limit or arrest the absorption 

Effect of lanahons tn absofufe amount of glycol xn xnlesttne on absorplton 
In order to determine whether the absolute quantity of propjlcne gbcol 
m a loop of intestine altered the rate of absorption, the follownng experiment 
was performed In each of 5 cats, 3 loop*? of jejunum 15 cm m length were 
ligated Into the first loop 0 5 cc of 50 per cent prop>lene glycol per kilo- 
gram was introduced, into the second loop 1 0 cc per kilogram, and into the 
third loop 2 0 cc per kilogram After 15 minutes the loops were excised and 
the residual propjlene gljcol determined The results arc presented m 
table 4 

It IS seen that, although the actual quantitj of absolute propylene gljcol 
absorbed increased as the amount of glycol m the intestme increased, i e , 
04 cc , 0 69 cc and 1 14 cc , the percentage absorbed decreased This was 
consistent with an inhibition of absorption described m the previous section 

TABLE 4 


Effect of different quantities of SO per cent propylene glycol on absorption from tnle«bne 



Mor 1 

uor 3 

LQOr) 

Quantity of gbcol mlroduecd (cc per kgm ) 

0 5 

1 0 

20 

Average absolute amount of glycol absorbed (cc ) 

0 4 

0 69 

t U 

Average per cent absorbed 

79 5 

63 8 

57 0 


Effect of xodoaceiic aetd and chloral on ihe tnteaiinal absorption 
It IS claimed by Veradr and co-workers (S) that lodoacetic acid specifically 
inhibits the absorption of dextrose, galactose, glycerol, fate, hpoids, and 
certain other substances, reducing their rate of absorption as compared with 
pentoso sugars and other substances which are absorbed by “non-specific” 
mechanisms Since propjlene glycol is absorbed with great rapidity, like 
dextrose and gbeerol it was of interest to determine whether lodoacetic acid 
decreased the absorption rate of this polj alcohol Since lodoacetic acid 
must be given m verj large doses for anj mhibitorj effects, the inhibition 
might be due to a general nonspecific depression Therefore the tests with 
this acid were controlled with large doses of chloral, a well known general 
and protoplasmic depressant The dose of lodoacctic acid used was 100 mgm 
per kilogram that of chloral 300 mgm per kilogram, both being injected sub- 
cutaneously In all, 8 cate w ere used The results w ere negatn e throughout, 
no difference m absorption being demonstrable between the poisoned animals 
(both lodoacetic and chloral) and the unpoisoned controls We conclude 
that the absorption of propjlene gljcol was not mediated through some spe- 
cific mechanism which might be inhibited bj lodoacetic acid 
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DISTRIBUTION OF PROPYLENE GLYCOL IN THE CIRCULATION DURING 
ABSORPTION FROM THE GASTROINTESTINAL TRACT 

The concentration of propylene glycol in the portal and venous bloods (right 
heart) was determined in 48 cats during absorption of propylene glycol from 
different regions of the gastrointestinal tract. The doses and method of 
administration of the glycol used have been described in the first section of 
this report. The average results are presented in figure 2. 

It is seen that there were considerable variations in the blood concentration 
of the glycol during absorption from the stomach and colon. This was not 


PROPYLENE OLYCOL IN BLOOD DURING A&SORPTION FROM G-| TRACT 



Fig. 2, Blood Content of Glycol During Absorption of Propylene Glycol from 
Different Regions of the Gastrointestinal Tract 

surprising, since there are two possible venous paths from these organs, one 
to the general venous sj^^stem directly, another to the portal system. In gen- 
eral the results indicated a higher concentration in the caval system than in 
the portal, this difference becoming less as absorption was completed. The 
reverse was true for the jejunum and duodenum, the portal concentration 
being initially much liigher than the caval, and later tlic caval being slightly 
higher than the portal. In general the distribution of propylene glycol in 
the blood stream was found to be about as might be expected anatomically 
and physiologically. 

RENAL EXCRETION OF PROPYLENE GLYCOL 

rive rats were placed in individual cages suspended above funnels in such 
a way that the urine could be collected quantitatively, free from feces. Food 
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and water were allowed freely. After a control period of 8 or 9 days, during 
which fluid intake and fluid output were recorded daily, the drinking water 
was changed to a solution of propylene glycol, the concentrations used being 
5, 10, 15 and 20 per cent. Daily records were made of fluid intake and output, 

TABLE 5 


Fluid balance in rats drinking different conctnlralions of propylene glycol 


HKT 

1 

CHASor IN* mean ixuiD 
intake 

cravoe in* ui:an flitiD 
OUTPUT 

eSANQE ODRINO 
OBTCOL PERIOD 

BODr t?^raHT 
cnANoemTBB 
rxaaT 24 nouns 
WATEBt 

5 per cent propylene glvcol 


ee -per diem 

ee per diem 

tromt 

crami 

1 

-7 ±2 01 

-2 7 ±0 37 

-4 1 

0 

2 

-3 ±1 10 

' ~1 3 ±0 69 

+7 1 

+1 

3 

-1 ±1 61 

' -0 2 ±0 18 

+5 1 

+2 

4 

0 

1 +0 1 ±0 50 

+2 1 

+1 

5 

-2 ±4 76 

■ +0 2 ±0 25 

+1 

-1 


10 per cent propylene glycol 


1 

0 

4-1 2 ±0 92 

+3 

4*1 

2 

+9 dbl 45 

4-6 7 ±1 49 

-5 

1 4-3 

3 

-1 ±2 OS 

+0 7 ±0 56 

4-2 

1 4*0 

4 

+6 ±2 11 

4-6 1 ±2 09 1 

-3 

1 4-2 

5 

0 

-i-2 9 ±0 79 

-5 

1 4*4 


15 per cent propylene glicol 


1 

-3 ±1 S3 

4-4 4 4:1 46 

-28 

4*20 

2 

4-4 ±2 55 

4-10 7 ±3 40 

-39 

4-23 

3 

4-3 ±1 50 

4-4 S zfcO 66 

-17 

4-15 

4 

-1 ±2 56 j 

4-3 1 ±1 27 j 

-29 

4-5 

5 

4-3 ±l 14 J 

4-6 0 ±1 94 

-41 

4-23 


20 per cent propylene glycol 


1 

-6 ±1 46 

4-2 7 ±0 79 

-65 

4-36 

2 

-9 ±1 5S 

4-2 6 ±I CS 

-64 

4-35 

3 

-6 ±1 76 1 

4-3 4 dbO 87 

-59 

4-35 

4 

-16 ±2 76 

0 

-97 

4-44 


• Mean change d= standard error of mean 

t Change m bod}' weight during first 24 hours after glycol period was terminated; 
— = decrease, +• = increase 


and daily analyses of urine for gl^'col content. After one week on th» glycol 
tlie solution was replaced by water and the observations continued. "ttTien 
this second control on fluid balance vas obtained the rats ^\ere given another 
concentration of propylene glycol and the observations repeated. The results 
obtained arc presented in table 5 
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It is seen that when the rats drank a concentration of 5 per cent propylene 
glycol they showed little, if any, change in fluid balance. On 10 or 15 per 
cent propylene glycol the fluid intake was only slightly increased. However, 
the fluid output was uniformly increased in all these rats and the net result 
was a dehydrating action, especially with 15 per cent propylene glycol. On 
the 20 per cent concentration the disagreeable taste of the mixture reduced 
the fluid intake markedly, but at the same time the fluid output was increased. 
As a result the animals lost nearly one-third their bodj^ weight in 1 week. 
That this was largely due to loss of water was shown by the fact that one- 
half this weight loss was regained within 24 hours when Avater was substituted 
for the glycol solution, and 90 per cent was regained vithin 48 hours. The 
relationship between fluid intake and, output is indicated by the summary in 
table 6, Avhich also shows the urinary excretion of propylene glycol. 


TABLE 6 

Renal excretion of propylene glycol in rals 


concentration of 

Qwreot. IN DRINi:iKO 1 
VATBR 

1 

ratio: intake to oirn'OT 

concentration or 
OLTCOr. in ttrine 

Huid 

Glycol 

peremi j 



per cent 

0 1 

4.1 

— 


5 ! 

3.6 

4.6 

3.6 

10 

2.7 

3.1 

‘ 8.4 

15 

2.2 

3.1 

10.6 

20 

1.9 

3.5 

10.0 


This summary shows that, as the concentration of propylene glycol in 
the drinking water increased, the ratio between the fluid intake and output 
decreased. However, the ratio betw^een glycol intake and output remained 
quite constant, indicating that, regardless of the concentration of glycol drunk, 
the kidneys excreted approximately onc-third the amount ingested. The 
remaining two-thirds of the glycol must have been metabolized by the body. 
Apparently the rats, under the conditions used, were unable to concentrate 
the glycol beyond 10 per cent in the urine. No hematuria occurred. 

SUMMARY ANP CONCLUSIONS 

1. Propylene glycol was found to be readily absorbed from all anatomical 
regions of the gastrointestinal tract of rabbits, rats, and cats, i.e., from the 
stomach, duodenum, jejunum and colon, the absorption being particularly 
rapid from the jejunum. 

2. The following quantitative characteristics of the intestinal absorption 
of tins glycol were demonstrated: absorption was more rapid with low con- 
centrations than high; rate of absorption was not affected by variations in 
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the area of the intestinal surface, inhibition of absorption occurred during high 
blood concentrations of the glycol, rate of absorption decreased as the abso- 
lute amount of gl>col in a given region increased, lodoacelic acid and chloral 
had no demonstrable effects on the absorption, thus differing from dextrose, 
glycerol, fats and lipoids, during absorption, large differences in concentration 
of the glj col occurred in different parts of the venous circulation of the gastro- 
intestinal tract 

3 Propylene glycol m distilled vater hemolyzed blood m all concentra- 
tions but in 0 9 per cent sodium chloride, hemolysis did not occur until the 
concentration reached 38 per cent, and was complete at 45 per cent 

4 A marked dehydrating action occurred in rats dniiking concentrations 
above 5 per cent of this glycol, the ratio of mtake to output remaimng con- 
stant m rats dnnkmg freely various concentrations 

5 Approximately one third the admmistered propy lene glycol was excreted 
by the kidneys, the remaining two-thirds being metabolized m the body 

6 The concentration of propylene glycol m the urine did not exceed 10 per 
cent, after the drinking of highest tolerated doses by rats 

7 In general the quantitative gastromtestmal absorption of propylene 
glycol agreed m several respects with that demonstrated by others previously 
for alcohol, phenol and iodide, except that absorption of propylene glycol 
was more rapid and complete 
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In a previous investigation (1), a temporary growth-retarding action of 
sodium paranitrobenzoate on a strain of Streptococcus virtdaiis (no. 40108) 
was observed. This bacteriostatic effect could be inhibited by the addition 
of 0.05 mgm. per cent of sodium para-aminobenzoatc to the medium. Tiic 
growth of a second strain (no. 4022) was affected little, if at all, by sodium 
paranitrobenzoate. When growth of these strains did occur in the presence 
of the paranitrobenzoate, it was accompanied by the appearance in the me- 
dium of a substance, presumably a primary aromatic amine, that was detect- 
able by diazotization and coupling mth dimethyl-alpha-naphtlijdamine, fol- 
loAving the method of Marshall (2, 3). Also, it was noted that plain broth 
cultures of these strains contained a substance similar^ detectable but occur- 
ring in lesser concentrations and after longer incubation. 

Since one aromatic amine derivative, para-aminobenzoic acid, has been 
found to inhibit the bacteriostatic action of sulfanilamide (4), these observa- 
tions raised the question whether the amine produced in cultures of strepto- 
coccus grown in broth alone or in broth containing sodium paranitrobenzoate 
can likewise affect the bacteriostatic effect of sulfanilamide or any of its 
derivatives on Sireptococciis mridans. Preparatory to the experiments di- 
rected to\Yard answering this question, it Avas necessary to determine the 
susceptibilit3^ of the Wo strains to the sulfanilamide compounds, and to ascer- 
tain whether para-aminobenzoic acid or similar compounds affected the 
grow'th-retarding action of the drugs on our strains. 

MATERIALS AND METHODS 

Two strains of streptococcus isolated from the blood of two cases with a clinical 
diagnosis of subacute bacterial endocarditis were used; both arc insoluble in bile and 
produce a greenish discoloration of blood agar. Strain no. 40108 is a Gram-positivc 
coccus that grows in chains and forms small, gray, glistening colonics on blood agar. 
Strain no. 4022, a Gram-positive oval coccus, has a more mucoid growth and ferments 
lactose, mannite, and salicin, whereas strain no. 40108 ferments lactose but not mannitc 
or salicin. 


354 



SUBSTANCE AFFECTING gULFmiKZOLE 


355 


Cullurt medium Beef-infusion broth containing 2-per-cent peptone and 0 02 per- 
cent dextrose 

Cultures Sena! dilutions in broth were made of a 15-hour mfusion-broth culture of 
the test strain Duplicate blood-agar poured plates containing I0“* and 10 • cc of the 
culture were incubated for 48 hours and the colonies counted Each colony was con- 
sidered to represent one microorganism 

(a) To determine the susceptibility of the streptococci to sulfanilamide denvatnes 
and the effect of sodium para ammobenzoate on any growth-retarding action, 9 5 cc of 
broth or broth containing 5, 25, or 100 mgm pet cent of the compound to be tested were 
inoculated with 0 5 cc of a 1 to 5000 or 1 to 500,000 dilution of a 15 hour broth culture 
of each strain To a second similar senes of cultures, 0 05 or 0 005 mgm per cent of 
sodium para ammobenzoate was added After 20 2G, and 48 hours’ incubation at 
approMmateU , 0 5 cc of each culture, appropriately diluted in broth, was plated 
in blood agar (15-16 cc ) and incubated for 144 hours, in addition 0 005 mgm (approxi- 
mately 0 03 mgm per cent) of sodium para ammobenzoate nas added to duplicate 
plates of all cultures containing a sulfanilamide compound alone In such plates inocu- 
lated with 0 I cc or more of culture, distinct colonics appeared after 24 hours’ incuba 
tion as will be demonstrated later whereas m the absence of the para-arainobenzoatc, 
colonies were detectable, it at all, only after 72 hours* incubation Colonies were 
counted every 24 hours In this manner the action of sulfanilamide, sulfapyndme 
sulfadiazine, siilfathiazole, and sulfamethylthi azole was tested 

By similar methods the effect of 0 2 mgm -per cent concentrations of para-ammo 
phenol, para aminoacetophenone para aminophenylacetic acid, meta aminobenzoic 
acid and glycine on the bacteriostatic action of sulfanilamide was studied 

(5) To demonstrate the production of the aromatic amine substance in cultures of 
each strain ol streptococcus grown in plain broth as compared with broth containing 
10 or 400 mgm percent of sodium paramtrobenzoate, the same procedure was followed 
After 6, 12, and 24 hours incubation, blood agar poured plates were made, and samples 
of each culture were taken for determination by Marahall'a method of the presence of 
the aromatic amine substance Broth solutions of sodium para ammobenzoate were 
used as standards Recovery of from 90 to 95 per cent or more of the added drug was 
obtained in control determinations of these standards 

(c) To investigate the effect of the aromatic amme substances produced in these 
cultures on the action of a sulfanilamide derivative, 48 hour cultures of each strain 
grown in broth alone and in broth containing 25 mgm per cent of sodium paranitro- 
benzoatc were passed through a Mandler filter and the amount of aromatic amine sub- 
stance in each filtrate determined Amounts of each filtrate sufficient to giic at least 
0 05 mgm per cent of each amine compound, computed as sodium para ammobenzoate, 
were added to cultures of strain no 4010S m broth alone and in broth containing 25 mgm 
per cent of sulfathiazole control cultures included broth cultures with and without 

„ I j u *1- • 


blood agar Plates were incubated for 144 hours and counted every 24 hours 

(d) To obsenc the effect on the growth-retarding action of sulfathiazole of different 
concentrations of sodium paranitrobenzoate (a possible precursor of the aromatic amine 
substance found in cultures growing in its presence), cultures of strain no 4010S in 
plain broth, in broth with 25 mgm per cent of sulfathiazole and in broth with 25 mgm 
per cent of sulfathiazole plus 10 or 400 mgm per cent of sodium paramtrobenzoate were 
incubated and the amount of grow th at 12 20, 26, and 48 hours determined by the usual 
mcthod<» 
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RESULTS 

Growth-retarding action of sulfanilamide derivatives on Streptococcus viridans 
and the effect of various compounds on this action. Sulfanilamide, sulfapyridine, 
sulfadiazine, sulfathiazole, and sulfamethylthiazole, even in lOO-mgm.-per- 
cent concentrations, had no demonstrable effect on the growth of strain 
no. 4022. On the other hand, 25- and 100-mgm. -per-cent concentrations of 
sulfathiazole, sulfamethylthiazole, sulfapyridine, and, to a lesser extent, sulf- 
anilamide and sulfadiazine had a growth-retarding action on strain no. 40108. 

TABLE 1 


The effect of sodium 'para-amimhenzoate on ike growth-retarding action of sulfanilamide 
' compounds on Streptococcus viridoTiSj strain no. 40108 


compoukd: 25 mom. peb cent 

soDimi 

PABA-AMlNO- 

denioatb 

COLONIES PER CC. OP COLTUBE 

Before 

incubation 

Incubated at±37*C. for 

20 hours 

48 hours 


mom. ptr emt 




Control 


2050 

125,000,000 

100,000,000 

Sulfanilamide 


2050 

124,000 

850,000 

if 

0.05 

2050 

165,000,000 

130,000,000 

Control 


1900 

365,000,000 


Sulfapyridine 


1900 

190,000 

2,000 

0.05 

1900 

180,000,000 


Control 


1900 

365,000,000 


Sulfamethylthiazole 


1900 

175,000 

400 

<1 

0.05 

1900 

42,000,000 

70,000,000 

Control 


1100 

255,000,000 


Sulfathiazole 


1100 

65,000 

10 

<1 

0.05 

1100 

13,500,000 

35,000,000 

Control 


1750 

150,000,000 


Sulfadiazine 


1750 

365,000 



0.05 

1750 

170,000,000 



Five-inilligram-j}er-cent concentrations of these compounds were less effective. 

This bacteriostatic action of these sulfanilamide compounds was inlnbited 
by 0.05 mgm. per cent of sodium para-aminobenzoate. The results \rith 25 
mgra. per cent of the sulfanilamides are shown in table 1. Hownver, 0.005- 
mgm.-per-cent concentrations of sodium para-aminobenzoate did not affect 
materiall}’’ the growth-retarding action of 25 mgm. per cent of sulfathiazole 
during 48 hours’ incubation. 

During the studies it was observed that, in blood-agar poured plates inocu- 
lated with 0.1 cc. or more of cultures containing 25 mgm. per cent or more 
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of grotti-h inhibiting sulfanilamide compounds, colomes began to appear, if 
at all, only after 72 hours* mcubation If approximately 0 03 mgm per cent 
of sodium para aminobenzoate ivas added to the blood agar at the time such 
cultures were plated distinct colomes appeared after 24 hours' incubation 
Table 2 illustrates this effect in cultures contaimng 25 mgra per cent of 
sulfathiazole Hence, m all studies in which cultures containing a sulfanil- 
amide dernative ivere plated in amounts of 0 1 cc or more, duplicate plates 
containing sodium para aminobenzoate iiere also made 

TABLE 2 


Tkt effect of sodium pare aminobenzoate on the appearance of colomes of strain no ^0108 
»n blood agar containing sulfathiazole 


AUOTTirr or coltuxz plaTzd* 

aoDiulf 

KOBEKIO- 
ats added 
to BLOOD 
AOAE 

COLOmxs IS 8LOOD AOAB POmiED rLATXS INCOBATED AT 

1 ±37’C FOB 

24 hours 

4S hours 

72 hours , 

96 hours 

144 hours 

Control no 1 

No sulfathiazole 
lO-i cc 

mffm 

11 19 

11 19 

11 19 

11 19 

11 19 

Culture no 1 

Sulfathiazole 

0 5 cc 

0 005 

0 0 
small 
colonies 

0 0 
776 728 

0 0 
776 728 

0 0 
776 728 

1 

0 0 
776 72S 

Culture no 1 

Sulfathiazole 

10 ‘ cc 

i 

0 005 

0 0 
small 
colomes 

0 0 
190 170 

0 0 
190 170 

42 54 
190 170 

99 89 
190 170 

Culture no 1 

Sulfathiazole 

10-*cc 

0 005 

16 16 

15 17 1 

16 16 
15 17 

1 16 16 
! 15 17 

16 16 
15 17 

16 16 
15 17 


* Culture after 20 hours incubation at ±37®C in infusion broth containing 25 mgm 
per cent of sulfathiazole 0 5 cc of undiluted or diluted culture plated in approximately 
15 cc of melted agar to which 0 5 cc of normal dehbrinated blood had been added 
Control cultures contained no sulfathiazole 

The antisulfamlamide effect of para ammobenzoic acid as not duplicated 
by certain other amine compounds In concentrations of 0 2 mgm per cent 
para anunophenol para aminoacetophenone para ammophen> lacetic acid, 
meta ammobenzoic acid and gl> cine did not interfere Twth the growth- 
retarding action of 25 mgm per cent of sulfathiazole m stram no 40108 
As a result of these obser\ations it wxis evident that the bacteriostatic 
effect of a 25-mgm pcr-ccnt concentration of sulfathiazole on broth cultures 
of stram no 40108 provided a fa\orable sjstem for the study of possible 
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antisulfathiazole action of the amine compounds produced by both strains 
of streptococcus growing in plain broth and in broth containing paranitro- 
benzoate. 

The rate of 'production of aromatic amine substance by each strain of Strepto- 
coccus viridans in plain broth and in broth containing sodium paraniirohenzoalc 
is sho^vn in table 3. In plain broth cultures no amine compound detectable 
by MarshalVs method was produced by either strain after 24 hours* incuba- 
tion; but in other experiments after 48 hours, filtrates of cultures of strain 

TABLE 3 


The nroduetton of amtnc compound xn cvltures of Streptococcus viridans with and unihoui 

sodium paramirohenzotxit 



SODIEM 


PEKtODS or INCOBATION AT ±37"C, 


INOCCLtTM, JTPMBEB 
OP STBEPTOCOCCI 

PABA- 

NITHO- 

6 hour 


12 hour 


24 hours 


bevxo- 

ATC 

Colonies per cc 

Amine 

com- 

pound 

Colonies per cc. 

Amino 

com- 

pound 

Colontes per cc. 

Amine 

com- 

pound 


rngm 
iper emi 


Tnjm. 
per cent 


mgm, 
per cent 


mflm, 
per cent 

Strain no. 40108 








115 


19,000 

0 00 

105,600,000 

0 00 

260,000,000 

0 00 

11500 


2,200,000 i 

0 00 

230,000,000 ' 

000 

340,000,000 

000 

115 

10 

150 

0 00 ' 

350 

0 00 : 

550,000 

0 01 

11500 

10 

I 35,000 

i 0 00 1 

50,000 ! 

tr 

230,000,000 i 

0 OS 

115 

400 

t 450 

1 tr ! 

10,700 

0 01 

115,000,000 

0 25 

11500 

400 

50,000 

i tr 

1,835,000 

0 01 

140,000,000 

0 60 

Strain no. 4022 








500 


2,660,000 

0 00 

300,000,000 

0 00 

460,000,000 

0 00 

50000 


279,000,000 

0 00 

400,000,000 

0 00 

440,000,000 

0 00 

500 

10 

2,055,000 

tr 

185,000,000 

0 04 

360,000,000 

0 05 

50000 

10 

135,000,000 

tr 

340,000,000 

0 08 

400,000,000 

0 10 

500 

400 

535,000 1 

tr 

160,000,000 

0 25 

390.000,000 

0 40 

50000 

400 

60,000,000 j 

0 05 

250,000,000 

0 28 

420,000,000 j 

0 45 


tr == ttfvce. 


no. 40108 contained 0.21 mgm. per cent and those of strain no. 4022, 0.27 mgm. 
per cent. In broth cultures containing sodium paranitrobonzoatc, on increase 
in bacterial multiplication, the aromatic amine substance wa.s detectable 
before 24 hours and occurred in greater concentrations as growth continued. 
It was formed in larger amounts in the presence of higher concentrations of 
sodium paranitrobonzoate and the larger inocula of streptococci. In cultures 
of strain no. 4022, the gron-th of which was not inhibited by paranitrobenzoale, 
the aromatic amine compound appeared earlier and in larger amounts than 
in cultures of .strain no. 40108 on which sodium paranitrobenroate had a 
grorrth-retarding action. This may be the result of earlier and more rapid 
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growth of no 4022 The final concentration of aromatic nmme compound 
was not greater in the cultures of the resistant Btra:in than m tlio^e of the 
susceptible strain 

Effect of filtrates of streptococcus cultures groum in 'broth alone or tn broth 
containing sodium paramtrohemoate on the action of siilfathiazolc TIic addi- 
tion of filtrates of the plain broth cultures of each strain to cultures of strain 
no 4010S containing 25 mgm per cent of eulfathiazole did not affect the 
growth-retarding action of sulfathiazole In fact, m control cultures contain- 
mg filtrate alone, there was some retardation of growth The results are 
shown in table 4 


TABLn 4 

The e^eet oS filtrates of cultures of Streptococcus uridans growninhrolkalone ontheachtm 
of sulfatkia’ole on strotn no 40/08 


! 

j rOTBATzs or strain nourzb j 

j COtONlZSrZBCC OfCUX-TORB 

ani^ATBiA ! 
tOLK 1 

1 4010S ] 

1 4022 1 

1 

IncubRt^d B 

t±37*afM 


Msta percent of Rmme ^ 

compound* ' 

incubstion 

SO hours 

48 houn 

tncwi per 
cent 



12 

270,000,000 1 

1 


25 


1 

12 ' 

2,550 

7,750 


0 (W45 

■| 

12 1 

115 000 1 

12,800,000 

25 

0 (X)45 


12 I 

800 

750 



0 il3 

12 1 

373,000 

23,000,000 

25 


0 213 

! 1 

1,150 

j 900 


* Computed as sodium para ammobcnioate 


On the other hand, as may be noted m table 5, filtrates of cultures of either 
strain grown m broth contaimng 25 mgm per cent of sodium paramtroben- 
zoatc, diluted to give a final concentration of 0 05 mgm per cent of the 
aromatic amine substance, interfered with the growth-retarding action of 
sulfathiazole This inhibitor> effect was similar to that protluccd by 0 05 
mgm per cent of sodium, para-aminobenzoatc 
The results summarized in table 6 indicate that the growth-retarding 
action of sulfathiazole was affected onlj m cultures containing 400 mgm per 
cent of sodium paranitrobcnzoatc inoculated with the larger number (2000 
per cc ) of streptococci of strain no 40108 A comparison of tables 3 and C 
shows that the action of sulfathiazole was demonstrably affected at a time 
when the aromatic amint substance might be c\pcctcd to appear m culturis 
containing parani fro benzoate as noted m tabic 3 This substance appeared 
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first in those cultures containing the greater concentration of sodium para- 
nitrobenzoate and the larger inoculum of streptococci, and it was in similar 


TABLE 5 

The effect of fiUraies of cultures of Sircpiococcus viridans containing $5 mgm. per cent of 
sodium paranitrohejizoaie on the bacteriostatic action of sulfatkiazole 


INOCULtm, 
NUVBER or 
eTHErTOCOCCI, ' 
8TRAIH ! 

NUMBER 40108 

eUWATHIA- 

20L27 

60DIT7M 

PARA^AUIKO^ 

benzoate 

CDBrURE FILTRATES OF 

strains number 

PERIODS or INCUBATION AT ±37*0. 

40108 

[ 4022 

20boun 

20 hours 

21gin. per cent amine 
compound* 

Colonies percc. 

Colonies percc. 








80 

mu 

'mmm 



170,000,000 

150,000,000 

80 





1,600 

3,700 

80 

25 

0.05 



13,000,000 

40,000,000 

80 



0.05 


1'10,000,000 

130,000,000 

80 

25 


0.05 


26,600,000 

60,000,000 

80 




0,05 

130,000,000 

200,000,000 

so 

25 



0.05 

16,900,000 

55,000,000 


* Computed as sodium para-aminobenzoate. 


TABLE 6 


The effect of sodium paraniirohenzoaie on the growth-retarding action of sulfathiazole on 

strain no. 40i08 


SULTATIII AZOLE 

SODIUM PARA> 
NITBOBENEO* 
ATE 

COLONIES FEB CC. OF CULTURE 

Before 

incubation 

Incubated at ±37*C. for 

12 hours 

30 hours 

48 hours 

mom. pcp cent 

mffm. per cent 







20 

11,000,000 i 

280,000,000 




2000 

125,100,000 

210,000,000 




20 

1,300 

1,550 

2, COO 

25 


2000 

190,000 

1 255,000 

323,600 



20 

2,100 

2,500 

4,760 

25 

i 

2(xyo 

125,000 

200,000 

423,000 



20 

1,900 

3,350 

30,760 

25 

400 

2000 

125,000 

480,000 

4,948,000 


cultures that interference wth the action of sulfathiazole was demonstrated 
first, as noted in table 6. 
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DISCUSSION 

Swam (5) has reported that two strams of Streptococcus vindans, isolated 
from cases of subacute bacterial endocarditis that had been favorably mflu- 
enced but not cured by chemotherapy, were susceptible to sulfapyridine 
vn vitro, but that two other strains from cases unaffected by chemotherapy 
were sulfapyridine resistant in intro This variation in susceptibility of strains 

of Streptococcus vindam to sulfamlamide compounds tn mtro was observed m 
our studies One strain was resistant to all five sulfanilamide compounds 
tested, with the other stram, sulfapyndine, sulfathiazole and its methyl 
derivative were about equally effective in retardmg growth, while sulfanil 
amide and sulfadiazine retarded gro-wth but to a lesser degree 
As Woods (4), Landy and Wyeno (6), and Strauss, Lowell, and Finland (7) 
have shown, para aminobenzoic acid mhibits the bactenostatic action of 
sulfanilamide We have found that the sodium salt of para aimnobenzoic 
acid mterferes with the action of all five sulfanilamide compounds tested 
The earlier appearance of colomes m blood agar poured plates inoculated 
with cultures of Streptococcus mndans contaimng sulfathiazole when sodium 
para ammobenzoate was added to the plates is similar to the results obtained 
by the addition of para ammobenzoate to cultures contaimng paramtro- 
benzoate (1) ^ Landy and Wj eno found that with decreasmg amounts of 
para ammobenzoic acid there was a decrease in the amount of growth m the 
presence of sulfanilamide compounds This is in accord wth our findmgs 
that 0 05 mgm per cent was effective but that 0 005 mgm per cent of sodium 
para ammobenzoate was much less effective m inhibiting the action of 25 mgm 
per cent of sulfathiazole 

Woods and Landy and Wyeno, also observed that, of the various aromatic 
amine compounds tested, only para ammobenzoic acid inhibited sulfamlamide 
to any degree Our studies confirm this observation and suggest, as did the 
work of Woods, that both the aimne and the carboxyhc groups m the para 
position m the benzene ring appear to be necessary for interference with the 
bacteriostatic action of sulfamlamide by this type of inhibitor 
Concerning the nature of the substance in filtrates of streptococcus cultures 
grown in broth alone, httle can be concluded The production of a color by 
diazotization and coupling with a compound such as dimethyl alpha naph 
thylamme strongly suggests that it may be a primary aromatic amme 
On the other hand, filtrates of streptococcus cultures con taming sodium 
paramtrobenzoate not only produced a color on diazotization and coupling 
with dimethyl alpha naphthjlamine after from 6 to 12 hours' incubation, 
but also inhibited the growth retarding action of sulfathiazole The in 
bibiting effects were produced only by filtrates of cultures contaimng sodium 
paramtrobenzoate, and the diazo color reaction produced in cultures was more 

* Since the completion of this work Janeway (8) has reported similar observations 
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marked vvitli increased concentrations of the paramtrobenzoatc. Since re- 
duction of the nitvo group in the paranitrobenzoatc ^Yould yield para-amino- 
benzoate, the prev<?eace of \r}iich imparts to the cultures both the diazo color 
reaction and the capacity to inhibit sulfathiazole, these results suggest that 
para-aminobenzoatc is formed by reduction of the sodium paranitrobenzoatc 
in the cultures of Streptococcus viridans. 

SUMMARY 

SuUapyrldlue, sulfathiazole, sulfamethylthiazolc, and to a lesser degree, 
sulfanilamide, sulfadiazine, and sodium paranitrobenzoatc had a growth- 
retarding action on one strain of Slrepiococms viridans; a second strain was 
resistant to all these compounds. Sodium para-aminohenzoate interfered 
with their growth-retarding action. 

Filtrates of cultures of both strains of streptococcus grown in broth alone 
and in broth to which sodium paranitrobenzoatc had been added contained a 
substance, presumably a primary aromatic amine, that gave a color on dlazo- 
tization and coupling with dimethyl-alpha-naphthylaminc. The filtrates of 
plain broth cultures did not affect the growth-retarding action of sulfathiazole 
on the susceptible strain, but filtrates of either strain grown in broth contain- 
ing sodium paranitrobenzoatc interfered with tlio bacteriostatic action of 
sulfathiazole. 
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The experiments reported m this paper were undei taken m the hope of 
explaining some of the discrepancies in the literature on this subject With 
reviews b> Steggerda et al (I) and by Wolff (2) axailable, it is necessary to 
mention only a few of the reports most directly concerned Elmer rt al (3) 
reported that \asopressin stimulates the intestine more than pituitar> ex- 
tract and that the effects of ^asopressm were antagonized by oxytocin 
L M Larson and Bargen (4) found that solution of pituitary increased ac- 
tivitj m the middle portion but had little or no effect on distal portions of 
a Thiiy- Vella fistula of the large intestine From Roentgen ray studies on 
unancsthctized dogs, Melville and Stehio (5) concluded that intravenous in- 
jection of their postlobin-V (pressor) extract produced shortening of the large 
bowel whereas the postlobin-0 (oxjtocic) extract had no definite effects 
Melville (G) observed defecation following intravenous mjections of pitressm 
or pitocin in the unanesthetized dog but concluded that the oxytocic hormone 
may inhibit the typical effects of the pressor constituent Reagan and Pue- 
stow (7) reported that pitrcssin mtramuscularlv in dogs did not stimulate 
contractions but did increase shghtlj the tonus of exteriorized segments of 
the colon Wolff (2) injected pituitrm, pitocm or pitrcssin subcutaneously 
or mtrav cnouslj into dogs with either Thirr or Vella fistulas of the colon 
and observed inhibition in most instances 

VIETIIODS 

ten normal dops and seven dogs each having an appcndii ostomy were used m the 
present experiments After a dog bad been trained to lie quietly, a condom balloon 
10 cm long on a catheter was inserted into the large intestine In normal dogs the 
balloon was inserted through the anus about 7 or 8 imhis (lower portion) In dogs 
having an nppcndieostomv the balloon was inserted 7 or 8 inches through the fistula 
(upper portion) or through the anus as in the norma! dogs in gome instances b6th 
approaches w ere used simultaneously The balloon contained w ater at 15 em pressure 
and was connected to a bellows for a graphic record \ftcr a control period of about 

‘ Apart of these results were presented before the American Society for Pharmacology 
and rvpenmcntnl Therapeutics in March 1940 This Joubval 69, 293, 1910 
303 
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one-half hour, injections were made and the record was continued for an hour and a half. 
In some of the 39 control experiments contractions were recorded for periods of about two 

TABLE 1 


Effecls of posterior pituitary preparations on the large intestine and heart rate of dogs* 




' 

FOBtTtQiT 

or 

BAXJ.OON 

( MOVEMENTS 


TONE 

1 HEAItT RATK 

PatPAJlATlOK AND DOSE 

IMEtHoD or 









PPa JCOJi. 

INJECTION 

No 

De- 

In- 

No 

De- 

In- 

No 

De- 




effect 

i creaa 

e creaw 

s effeci 

t creas< 

0 creas- 

0 effee 

t crease 

Sol. post. pit. 2.5 or 

I.V. 



m 

0 

9 

10 

0 


32 

5M.U. 




20 

0 

7 

27 

0 

2 



Upper 

B 

18 

1 

0 

20 

0 

0 

25 



Lower 

H 

24 

0 

1 

24 

0 

Sol. post. pit. 100, 

I.V. 

Upper 

0 

B 

1 

0 

19 

1 


17 

250 or 500 M.U. 

1 

Lower 

0 

H 

1 

0 

18 


0 

Sol. post. pit. 100 


Upper 

II 

1 

m 

11 

B 

B 

18 


M.U. 


Lower | 

m 

8 

n 

18 

H 

0 

5 

Sol. post. pit. 250 

S.C. or 

Upper 

B 

B 

15 

10 

11 

5 

18 

14 

M.U. 

I.M. 

1 - 

Lower 

BB 

m 

1 8 

1 IS ^ 

10 

2 

Sol. post. pit. 500 

S.C. or 

Upper 

4 

\ 1 

17 

2 

9 

a 

a 

1 22 

1 

M.U. 

I.M. 

Lower 

6 

12 

8 

12 

13 

1 

Pitocin 10 M.U. 

mm 

Upper 

0 

B 

0 

0 

B 

0 

14 

i /I 


mu 

Lower 

0 

B 

0 

0 

Bil 

0 

1/ 

Pitocin 250 or 500 

S.C. 

Upper 

14 

6 

1 

B 

ml 

1 

38 

1 

M.U. 


Lower 

18 

21 

0 

22 

n 

0 

Pitressin 10 M.U. 

mm 

Upper 

B 

B 

B 

0 

1 

B 

B 



■I 

Lower 

m 

B 

B 

9 

B 

B 

B 

Pitressin 250 or 500 

S.C. or 


3 

2 

17 

9 

0 

7 

14 

28 

M.U. 

r.M. 


27 

1 

15 

34 

4 

6 

Pitressin 10 M.U. 

I.V. 

upper 


B 

0 

0 

5 

0 

0 

12 

plus Pitocin 10 
M.U. 


Lower 


i 

0 

0 

J2 

0 


- 


* From the results observed on the lower portion of the large intestine of ten normal 
dogs and seven dogs each having an appcndic ostomy, no distinction could be made on 
either the basis of sex or operative procedure. All dogs were used several times at 
various intervals for a period o! about eighteen months. Usually more results were 
obtained from the intestine than from the heart because sometimes more than one por- 
tion of the intestine was used. 

hours without any injections; in others injections of 0.9 per cent sodium chloride were 
made. If external evidence of oestrus was present the dog was not used at that time 
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either for control or drug injection Several daja were allowed between experiments 
to assure recoverj The dogs were not fed for 12 hours before experiments and were 
allowed to defecate before being brought into the laboratory 

Solution of posterior pituitary was prepared according to the U S P XI The 
pitocm and pitrcssin were N N II preparations /Uf doses rn-nltoned are per Itlogram 
o/ body mighl \\ hen the milliunit dose was 10 or less, the preparations were diluted 
with 0 9 per cent sodium chloride solution to facilitate measurement The injections 



— » ^ - riftTi»TT — 1 * “•'ituitary per kilo- 

• ■ . ‘ the tracings in- 

■ . r pressure The 

■ lous injection 10 


Were made intravenously into one of the leg >cins subcutaneously’ into the back near 
the shoulders, or inlramusciilarl) into the thigh ns indicated The results arc sum- 
marised in table 1 

HFSLLTS 

Control records rhowed no significant changes in motility and only occa- 
sional diminution of tone Intra\enous injections (I V) of solution of pos- 
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tenor pituitary (sol. post, pit.) in a very small dose, such as 2.5 or 5 milliunits 
(1 M.U. means xinro’ of a unit, U.S.P. XI, 2nd Supp., p. 138) might or might 
not cause decrease in tone and motility of the large intestine but a sliglitly 
larger dose (10 M.U.) usually depressed both tone and motility for about 
20 minutes (fig. 1, A). Large intravenous doses such as 100, 250 or 500 M.U. 
depressed the tone and motility for 45 minutes or more. The heart rate \vas 
reduced by these injections in nearly all cases. Subcutaneous (S. C.) or in- 
tramuscular (I.M.) injections of 100, 250 or 500 M.U. tend to stimulate the 
motility of the upper portion of the large intestine by causing either an in- 




Fig. 2. Af subcutaneous injection 250 M.U. pitocin per kilogram into a 20,S k^. 
dog having an appendicostomy. B, subcutaneous injection 250 At. U. pi tressin per ki7o- 
gram into a 17.6 kgm. dog having an appendicostomy. 

crease in the rhythmic movements or waves of contraction with no definite 
effect on the motility or tone of the lower portion. In most ca,sc.s the tone 
of the upper portion was not affected by the 100 M.U- dose but 500 M.U. 
tended to cause an increase in tone. Doses smaller than 100 M.U. sub- 
cutaneousb" or intramuscularly did not give any definite results. 

Pitocin injected intravenously in a 10 M.U. dose (N.N.R. 10-10, p. 385) 
depressed the tone and motility of the large intestine with no effect on honrt 
rate (table 1, fig. L B), Pitocin injected .subcutaneously in cither a 250 or 
500 jM.U. dose sometime.^ had no effect and .sometimes dccrea.«od the motility 

and tone (table 1, fig. 2, A), ^ ^ ^ oo^^ 

Pitressin intravenously in a .small dose (10 M.U., 1010, p. dbo; 
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had no definite effect on the motiJitj or tone of the upper Japge intestine 
(tabic 1) but occasionally depressed the tone of the lower portion The heart 
rate was reduced by pitrcssm when tins dose was given intravenously Sub- 
cutaneous injections of pitressui usually stimulated the motility of the upper 
portion of the large mtestme (table 1, fig 2, B) with no definite trend on the 
motility of the lower portion or tone of either Combination of pitressm 
and pitocm, in the same concentration as in solution of the posterior pituitary, 
produced similar results to those of the postenor pituitary (table 1) 

DISCUSSION 

Depression of motility and tone of the large mtestme by a small but effective 
mtravenous dose (10 MU) of solution of postenor pituitary is due to the 
pitocm present smee equivalent amounts of pitocin have similar and perhaps 
identical effects whereas equivalent amounts of pitressm do little or nothing 
Evidentlj the vascular constriction induced in the large mtestme, or any 
other circulatory effects produced by these small doses of pitressm, are not 
sufficient to affect the motility, the tone howeier, which is influenced more 
easily, was depressed m a few cases Larger mtravenous doses of pitressm 
were not mjected because the amount of oxjtocic prmciple present as a con- 
taminant (8) might be sufficient to produce definite effects Both Elmer 
et al (3) and Melville (6), usmg other procedures, have found that pitocm 
depresses the large mtestme though Melville and Stehle (5) reported that 
their oxytocic preparation (postlobm 0) had no definite effect 

The marked depression of tone and rhythmic movements produced by the 
larger mtrai enous doses (100, 250 or 500 MU) of solution of posterior pi- 
tuitary are very similar to those observed by Wolff (2) m loops of the colon 
In addition to the depressant action of the pitocm fraction, vascular pon- 
stnction by the pitressm fraction, which blanches the exteriorized portions 
of the fistula with an attendant anoxia and carbon dioxide accumulation, 
probably contributes to the depression In 2 of these 38 results there were 
mercased movements and m several there was vomiting or rctehing which 
might be regarded as evidence of temporary stimulation of the gastro mtes- 
tmal tract This occasional temporary stimulation may be secondary to the 
effects on the circulatory and respiratory systems as suggested by gteggerda 
et al (1) 

The effects of the subcutaneous or intramuscular injections of the solution 
of postenor pituitary (100, 250 or 600 M U ) or pitressm (250 or 600 M TI ) 
usually is an increased motility of the upper portion of the large intestine 
(fig 2, B) with less or no definite effect on the lower portion, which is m 
accordance with results of L M Larson and Bargcn (4) with Thiiy -Vella 
fistulac of the colon Deviations from there usual results may be due to the 
counteractmg effects of the follow mg factors \ascular constnction of the 
intestinal vessels by pitressm, depresrent action of the pitocm fraction, m- 
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activation (9) and adsorption. (10) of the injected jDreparation by the various 
tissues of the body. The inci’cased activitj^ on the upper with less or no 
effect on the lower portion of the large intestine (effects characteristic of 
defecation (11)) might explain the defecation (6) and passage of llaius (12) 
induced by )ntressin. 

Pitocin, injected subcutaneously or intramuscularly, either had no effect 
or depressed the large intestine; this confirms the results reported by Elmer 
cf aL (3). The failure of pitocin to cause depression in all cases may at 
least be partially explained by inactivation (9) and adsorj^tion (10) of the 
injected pitocin by the various tissues of the body and bj^ t)ie pre.senec of 
small amounts of pitressin (8). 

Tone and motility of the large intestine were depressed hss easily in the 
upper than in the lower portion and if dej^ressed, the upper portion recovered 
more rapidly (fig. 1, A and B). Also the tone of tlie upper portion^ as in- 
dicated by content of the balloon, was greater than that of the lower (fig. 1, 
A and 2, A and B). Like Templeton and Lawson (13) and L. M, Larson 
and Bargen (4), the author has observed greater motility in the upper than 
in the lower portion. Motility was depressed less easily than tone. 

COKcnUSIONS 

1. Intravenous injection of solution of posterior pituitary' U.S.P. or pitocin 
in a dose of 10 M.U. (Mil(iunits) per kilogram usually produced a decrease 
in tone and motility of the upper and lower portions of the large intestine 
in the unanesthetized dog. Larger doses, 100 to 500 M.U. of solution of 
posterior pituitary, produced the same effect except that the duration was 
greater and in a few cases a short initial period of increased movements was 
sometimes seen. Tone was depressed more easib’’ than movements. 

2. Pitressin, 10 M.U. per kilogram intravenousb’’ usually had no effect on 
cither tlie movements or tone of the large intestine in these unanesthetized 
dogs. 

3. Subcutaneous or intramuscular injections of 100, 250 or 500 M.U. of .so- 
lution of posterior pituitary' or 250 or 500 M.U. of pitressin per kilogram 
usually caused an increase of movements in the upper portion of the large 
intestine with no significant effect on tone. On the lower portion in about 
half of the cases, no effect was produced on either tone or movement by 
these injections, 

4. Subcutaneous injections of 250 or 500 M.U. pitocin per kilogram usually 
had either no effect or decreased the tone and motility of the large intc.stine. 

The author \sishes to extend his thanks to Dr. A. E. Lunngston for many 
helpful suggestions. 
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The origirij course and distribution of the sympathetic and sacral nerves 
v*"ere studied in detail for the first time in the cat and rabbit by Langley and 
Anderson (9, 10); They demonstrated that stimulation of the hypogastric 
nerves caused inhibition of uterine activity in the non-pregnant cat and 
excitation of the uterus in the non-pregnant rabbit. Later Cushny (2) 
Dale (3) and Kehrer (7) independently observed the phenomenon of ^^preg- 
nancy reversal'' in the cat. Adrenalin and hypogastric nerve stimulation 
provoked inhibition of the uterus in the non-pregnant cat but during preg- 
nancy an excitatory effect was observed. In the rabbit these stimuli induced 
uterine excitation in both the pregnant and non-pregnant animal. It became 
obvious at this time that the tj'pe of hypogastric innervation to the uterus 
differed in the cat and rabbit. A third variation in the hypogastric innerva- 
tion was observed later for the uterus of the rat and guinea pig. In these 
animals adrenalin and nerve stimulation produced an inhibitory effect on the 
uterus in the pregnant as well as in the non-pregnant state (5, 13). The 
monkey (3) was found to resemble the rabbit in that adrenalin provoked an 
excitatory effect on the non-pregnant uterus. 

The present study was undertaken to determine, by a pharmacological 
approach, the reason for the species differences observed in the uterine reac^ 
tions'of hypogastric nerve stimulation and adrenalin. Since the information 
concerning the uterine effects of nerve stimulation and adrenalin has been 
gathered by v-arious investigators under different experimental conditions, 
it was necessary to obtain corroborative evidence of the uterine effects of these 
stimuli in each of the animal species. The species differences observed in 
the uterine reactions of nerve stimulation and adrenalin maj’' be due to the 
fact that whereas adrenergic effects prevail in one species, cholinergic effects 
may predominate in another. This po^ihility has been studied by observing 
the influence of cocaine on the uterine response of h^'pogastric nerve stimula- 
tion and of adrenalin. Cocaine is a sj^mpathomimctlc drug which is able 

s Supported by a Fellowship granted by the Coromonwcallh Fund. 
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to potentiate the peripheral excitability of adrenergic nerves If m the course 
of this study augmentation of the uterine effects of nerve stimulation and 
adrenalin results after cocaine it should afford evidence that the sympathetic 
uterine innervation to the particular ammal is predominantly adrenergic 

METHODS 

Female cats, rabbits, rats and monkeys vrere used m these expenments In all of the 
animals except the monkeys, observations were made dunng the pregnant and non- 
pregnant state Some of the non pregnant animals were ovanectomued 7 days to 3 
months previously under nembutal anaesthesia in order to eliminate any oven an hor- 
monal influence on utenne activity 

Tbe animal was placed upon a heated operating table and laparotomy was performed 
through a midhne suprapubic incision The intestines \sere ailed off into the upper 
abdomen with gauze, allowing complete freedom for the utenne horns The hypogastne 
nerves were dissected free and cut betvi een two ligatures A shielded electrode was then 
attached to the penpheral segment of each severed nerve and connected to a Harvard 
inductonum In a few of the earlier experiments the electrode was placed on the intact 
hypogastric nerves Movements of the uterus were recorded mechaniffiny by a fine 
silk thread stitched through the outer layer of the musculans of the nght utenne horn 
(cat, rabbit rat) approximately one third the distance from the tubal extremity, in the 
monkey the thread was inserted in the middle of the supenor surface of the /undus uteri 
The thread was attached to a light lever which recorded every contraction of the uterus 
on a revolvmg kymograph The abdomen was closed incompletely with interrupted 
sutures allowing a small opening to remain through which could be observed the loop 
of the uterus with its attached recording thread 

In a number of expenments visual observations of utenne activity were made simul- 
taneously with the mechanical recording In these instances the closure of the abdomen 
was less complete Dunng later expenments the ammal was kept in a cabinet the internal 
temperature of which could be kept w ithin the range of 37 to 40®C by means of electric 
light bulbs, and steam was allowed to circulate intermittently through its intcnor in 
order to maintain a high degree of moisture 

The reactivity of the uterus to adrenalin was tested by an imtinldoseofO 00005 mgm of 
adrenalin injected into the nght femoral or nght jugular vein The amount of adrenalin 
was successively increased to 0 0005 0 005 and 0 05 mgm each dose being given after 
complete recovery from the effect of the previous administration In ammals with 
unresponsive uten larger quantities of the drug up to 0 9 mgm .were used 
The reactivity of the uterus to hjpogastnc stimulation was next determined, using 
threshold and slightly greater intensities Each stimulus was applied for a penod of 
2 minutes and was not repeated until complete rccovcrj of the uterus occurred 

Following this cocaine h>drochlonde (8 to 10 mgm per kilogram of body weight of a 
freshly prepared solution) was injected intravenouslj and five to ten minutes later the 
response of the uterus to adrenalin and to threshold and elightlj greater intensities of 
nerve stimulation again was determined Thus it was possible to compare the utenne 
effects of nerve stimulation and adrenalin before and after the administration of cocaine 
hydrochloride 


RESULTS 

The utenne effects of hjpogastric nerte stimulation ^ao different 
animal species These effects a)«5o varj with the depth of anaesthesia and 
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vdth the frequency and strength of current used for stimulation and state- 
ments made here necessarily apply to one particular type of stimulation. 

Cats 

A, Non-^regnanL There were nine animals in this group, three of which 
had been ovariectomized 6 weeks previously. Stimulation of the hypo- 
gastric nerves in this group of cats provoked relaxation of the uterus and 
inhibition of uterine contractions (fig. 2, Table 1). The inhibitor>^ eflfect was 
associated with definite vasomotor constriction as shown by intense pallor 
of the uterine horns. 

The response of the uterus to adrenalin closely paralleled that produced 
by stimulation of the hypogastric nerves (table 1). There occurred relaxa- 
tion of the uterus and inhibition of uterine activity (fig. 1), and vascular 
constriction became strlkingl}^ visible to the naked eye. It wns observed 
that the uterus w^hich reacted poorly to stimulation of the h3q:)ogastric nerves 
w^as also reastant to adrenalin. Ovariectomy did not appear to effect the 
response of the uterus to adrenalin and nerve stimulation (table 1). 

Cocaine hj^'drochloride produced a variable response on the non-pregnant 
uterus of the cat (table 1 }. The drug failed to cause any alteration in uterine 
activity in four of the animals. An inhibitory and vasomotor effect occurred 
in four cats although this w^as less pronounced than the inhibition and vaso- 
constriction induced by adrenalin or hypogastric nerve stimulation. In 
several of these animals the inhibitor}’^ effect w’as preceded by a transient 
increase in the amplitude of uterine contractions. In one animal a short 
period of uterine excitation followed the administration of cocaine (fig. 1). 

Augmentation of the uterine effects of adrenalin and ner^e stimulation w’as 
observed after cocaine in six of the cats (tabic 1, fig. 1). In one cat 
accentuation of the effect of nerve stimulation w'as induced by cocaine without 
any alteration in its reactivity to adrenalin. In the otlier tw^o animals, one 
of w'hich W’as a castrate, a decrease in these uterine effects followed the 
injection of cocaine. The augmenting influence of cocaine Avas demon- 
strated further b 3 ’ combining small amounts of the drug with either adrenalin 
or h^'pogastric nerve stimulation. The inhibitory effect of adrenalin and 
nerv’e stimulation on the uterus of one animal persisted two to three times 
as long w’hcn 0.3 mgm. of cocaine w*as given at the onset of nerve stimula- 
tion and immediate^" after the adrenalin. Similar combination.^ failed to 
show’ accentuation of the effect of nerve stimulation on the uterus of tw’o 
castrate cats although in one animal a prolongation of Die adrenalin effect 
W’as observed. 

B, PregTiant, There were eight animals in this group. Complete reversal 
from inliibition to excitation occuned in the uterine effects of hypogastric 
nerve stimulation in five of the pregnant animals (table 1). In these cats 
stimulation of the nerves caused an ekwation in tonus, vxu-oconstriction and 
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an increase in the amplitude and frequency of contractions of the uterus. 
The duration of the pregnancy had no apparent influence on the appearance 
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Fic 1 Virgin cat #H. EfTect on utenne nctivit> from ner%c stimulation (sec. coil 12 
cm ) a, liefore cocaijic (12 5 mjjm ) injection, d, after cocaine injection Note the ac» 
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of the phenomenon of pregnane^’ reversal since this v'as observed during 
the early as well as the late period of pregnancy. In two other pregnant 
animals, near term, stimulation of the liypogastric nerves failed to influence 
uterine activity. In one, however, adrenalin produced an excitatory efYcct. 
A slight inhibitory response of the uterus was observed with stimulation of 
the hypogastric nerves at high intensities in one cat. This animal was 
believed to have a pregnancy of less than two weeks duration. 

TABLE 1 


Cats 


NUMBER 

BEFORE cocaine 

after cocaine 

Nerve 

stimulation 

Adrenalin 

Nerve 

stimulation 

Adrenalin 

Accentuation 



?^'on-pregnant 

— normal 


12 

— 

— 


1 - 

Yes 

16 

— 

— 



No (prolonged experiment) 

17 

— 

— 

— 

1 

Yes 


— 

— 

— 

— 

Yes 

21 

— 

— 

— 

— 

Yes (no for adrenalin) 

22 [ 

— 

— 

— 

— 

Yes 


Castrate 


2 



— 

0 

— 

Decreased 

4 

— 

— 

— 

— 

Yes 

5 

— 

— 

— 

— 

Yes 


Pregnant 


10 ! 

— 

— 

— 

0 

No 

25 





Yes 

30 

+ + 1 



+4- 

Yes 

34 




++ 1 

Yes (no for adrenalin) 

35 





Yes (no for adrenalin) 

37 

++ 


+ + 

i + + 

! Yes 

40 

0 

0 

0 

0 

No 

45 

0 


0 

Not tested 

No 


Explanation of symbols for all tables: excitatory; — , inhibitory; 0, no reaction. 


Adrenalin produced vasoconstriction and excitation of the uterus in six 
pregnant cats (table 1). The uterus of one animal failed to show any change 
in its activity following the administration of adrenalin. In one cat, a slight 
inhibitory effect was observed with large amount.s (0.01 mgm.) of the drug. 
This was the same animal in which stimulation of the hypogastric nerves 
provoked slight inhibition of uterine activity. 

Cocaine hydrochloride caused an elevation in uterine tonu.« and an increase 
in amplitude and frequency of contractions in four pregnant animals. In 
three others no alteration in uterine activity could be detected following the 
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administration of the drug In onb one cat did cocamt induce inhibition of 
the uterus This i\as the same animal in uhich pregnancy rexeisal of the 
uterine effects of adrenalin and ner\t, stimulation failed to occur Cocaine 
appeared to be strongly s> mpathomimetic, reproducing the pregnancy re^ ersal 
effects of adicnalm and ner\c stimulation 
The uterine effects of ner\e stimulation were accentuated bj the adminis- 
tration of cocaine in five pregnant cat*; In three of these augmentation of 


TABLE 2 
Rabbits 


NUMBER 1 

1 BEFORE COCAINE 

j ATTER COCAINE 

Nerve 
stiMUlat on 

1 Adrenalin j 

1 st mulstion j 

Adrenlin 

1 Accenttint on 

Non pregnant — Normal 

10 

0 

+ 1 

0* 1 

Not tested 

No 

11 

++ 1 

+ + 1 

++ 

Q 

Decrease 

12 


+ 4- 

++ ! 

+ 4- 

No 

13 

+ 

+ 

0 

Not tested 

No 

14 

++ 

+ + 

+4* 

4-4- 

Yes 

16 



0* 

0 

Decrease 

17 

++ ' 

+ + i 

+ 4- 

++ 

Yes 


Castrate 


2 1 

0 

0 

0 

Not tested 

No 

3 1 

+4- 1 

4-4- 

4- 1 

4-4- 1 

No 

5 1 

4-4* 1 

4-4- 

0 

-h-t- i 

No 

G 1 

4-4- 

4-4- 

++ i 

++ 

Decrease 


Pregnant 


09 1 

0 * 

0 * 

1 0 * 

0 * 

' No 

15 ' 

4-4- 

0 ' 

0 


No 

20 

0 1 

* 

0 

0 

No 

21 

+ + 

4-4- 

4- 

4-4- 

No 

18 

4-4- 

4"4- ' 

4- 

4-4- 

Decrease 

18 

0 

0 

0 

0 

No 


• Occasional + 


the uterine effects of adrenalin also occurred The remaining three pregnant 
animals failed to detclop anj sensitization to either adrcnalm or stimulation 
of the hjpogastnc nerves 


A Non-pregnant Of the cleten animals comprising this group, four had 
been o\ cricctomizcd 70 to 88 da\s pretious to the da\ of the cxperinicnt 
Both adrcnalm and stimulation of the h\ pogastnc nt r\ cs in the rabbit caused 
excitation and \asoconstriction of tin uterus (table 2) rscr\c stimulation 
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induced excitator^^ uterine effects in nine of these animals; it was ineffective 
in two rabbits, one of which had been castrated. Adrenalin produced a 
similar excitatory uterine effect in ten of these rabbits; one of the ovariec- 
tomized animals failed to show any uterine response. The period of excita- 
tion frequently was followed by inhibition of uterine activit 3 \ Thus while 
the prevailing action was excitatory, the inhibition of spontaneous activity 
which often followed excitation suggests the possibility that the hypogastric 
nerves in the rabbit contain both excitatory and inhibitor}^ fibers. The spon- 
taneous acti\dty of the uterus and its reactivity to adrenalin and nerve 
stimulation were markedly reduced in the castrate rabbits. This may be 
due largely to atrophy of uterine muscle and connective tissue following the 
removal of the ovaries. 

Cocaine hydrochloride caused excitation of uterine activity in four of these 
animals. No effect on the uterus w'as observed from its administration in 
seven rabbits, three of w''hich w^ere castrates. Augmentation of the uterine 
effects of nerve stimulation and adrenalin after cocaine occurred in only 
two normal rabbits. 

B. Pregnant. There w’ere six animals in this group, of w'hich three were 
7 to 10 days pregnant and the rest 19 to 25 da 3 ^s pregnant. The reactivity 
of the pregnant rabbit's uterus following hypogastric nerve stimulation and 
adrenalin varied in different animals. Stimulation of the hj-pogastric nerves 
in three pregnant rabbits resulted in excitation of the uterus characterized by 
an increase in the tone and in the amplitude of contractions. A fourth 
animal show’ed an occasional e.xcitatorj" effect on the uterus onl}' after stimu- 
lation of the h^'pogastric nerves with strong current. The uteri of the two 
remaining rabbits, 19 and 20 days pregnant, were unresponsive to electrical 
stimulation of the h>q)ogastric nerves. After the tenth day of pregnane}- the 
rabbit's uterus appears to become increasing!}- resistant to nerve stimulation. 

Adrenalin caused an excitatory uterine effect in two animals, 7 and 25 days 
pregnant, and an occasional excitator}- effect on tw-o others, 10 and 19 days 
pregnant. The remaining two rabbits failed to show any uterine effects 
from the drug. There w-as no apparent relationship between the period of 
gestation and the reactivity of the rabbit's uterus to this drug (tabic 2). 

Cocaine hydrochloride induced an excitatory response on the pregnant 
uterus of three rabbits. Tlie remaining three animals showed no uterine 
effects from the drug. Cocaine failed to cause any accentuation of the uterine 
effects of nerve stimulation and adrenalin in all of the six pregnant rabbits. 
Its injection, however, was follow'ed by a decrease in the reactivity of the 
uterus to these stimuli in three animals (table 2). 

Rais 

A. Non-pregnani. There were six animals in this group, three of which 
had been ovariectomized for some time preceding tiie day of tlie experiment. 
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The re‘?pon<?e of the uterus to ner\ o stimulation and adrenalin in the normal 
non-pregnant lat is similar to the effect observed in the non-pregnant cat 
Both stimulation of the hj pogastric nerves and adrenalin provoked inhibition 
and relaxation of the uterus Cocaine, liowcver, caused an inhibitory effect 
in only one of those animals, ivhereas no alteration in uterine activitj’^ was 
observed in the other two Augmentation of the uterine effects of nerve 
stimulation and adrenalin follow'cd the administration of cocaine in all three 
of the normal rats (table 3). 


TABLE 3 


Rats 


i 

NCMBCR j 

1 BErOKG cocaine 

j AFTER COCAINE 

1 Nerve 1 

j siimulaUm | 

1 Adrenalin 

1 etimulation | 

1 Adrenalin 

1 Aeeeiituation 

Non-pregnant — Normal 

15 



I 


— 

Yes 

in 

0 oi — 



— 

Yes 

20 

“ 

- 

— 

Not testeci 

Yes 

Castrate 

2 

0 

0 

0 

0 

No 

3 

0 1 

0 

0 

0 

No 

100 

0 

0 

i 

-- 

Yes 

Pregnant 

101 i 

++ ! 

-hi- 1 

0 

0 

Decreased 

KM 

0 or — 

— 

+-1- 

0 or -f- 

Yes 

105 

-h-f* ' 

— 

t 


Yes 

10‘v 

0 or - 

— 

0 


No 

111 

- 

- 

— 


No 


• rollottod b> inhibiting 
t After secniitl dose of cocaine, + 


The spontaneous actnity as well as the rcartivnty of the uterus of the rat 
was found to be greatly diminished after castration. Xeitlier adrenalin, 
non e stimulation noi cocaine produced any effect on the uterus of two animats 
whose o^a^es had been removed 11G and 1 17 days provioiislv. These rats 
did not de\olop anv augmentation of the uterine effects of ncr\e stimulation 
or adrenalin aftei cocaine (table 3) One rat, which had been castrated 7 
dajs previoiish, failed to show anv uterine response to ner\e stimulation 
and adrenalin bifoic the injection of cocaine Ten milligrams per kilogram 
of this lattei drug, however, produced a slight excitatory effect on the utents, 
and following its administration nerve stimulation, with the secondary coil 
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of the inductorium at a G cm. distance, and 0.00005 mgm. of adrenalin pro- 
voked uterine inhibition and relaxation (table 3). This affords an excellent 
example of the accentuating effect of cocaine on the uterine responses resulting 
from stimulation of the hypogastric nerve.s and from adrenalin. 

/?. Pregnant. These experiments were performed on five pregnant aninaals 
which had been allowed to mate 10 to 14 days before. The reaction of the 
pregnant uterus to stimulation of the hypogastric nerves was characterized 
bj'' cither inhibition or excitation. Inhibition of the contractions and relaxa- 
tion of the uterus was observed in three animals, although in two of these 
the uterus was more resistant to nerve stimulation since only an occasional 



f 

Fig. 2. Pregnant rat ^'104. EfTect on uterine activity from nerve stimulation (sec. 
coil 12 cm.) ; 6, before cocaine no effect; c, after cocaine excitatory effect. 

Effect on uterine nctivit 3 ' from adrenalin; a, 0.0001 mgm. ] before cocaine — note inhibi- 
tion; d, 0.0001 mgm. | and 0.0005 mgm. I after cocaine— note decrease in inhibitory 
effect. 

/, Excitatory effect of nerve stimulation | and slightb* inhibitor^' effect of adrenalm 
0,005 mgm, t after cocaine. Note that adrenalin effect has been reduced but not reversed, 
c, Excitatori' effect of cocaine (2 mgm.). 

inhibitory effect could be induced. The uterus of another pregnant rat 
responded to nerve stimulation by an initial excitatory phase which was fol- 
lowed occasionally by inhibition. In tlie fifth pregnant animal a definite 
and predominant excitatory uterine effect followed electrical stimulation of 
the hypogastric nerves (table 3). 

The effect of adrenalin on uterine activity was more constant in this group 
of rats. Inhibition and relaxation followed the administration of adrenalin 
in four of these animals. In only one, the rat whose uterus showed an excita- 
tory response to nerve stimulation, was excitation provoked by the adrenalin. 
From these observations, although inconstant, it appears that reversal of 
uterine effects may develop during pregnancy, since one of our animals showed 
an initial excitatory uterine effect from nerve stimulation alone. 
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Definite excitation of uterine motilitj folloi\cd the injection of cocaine in 
three of these animal'? Two however, showed no uterine reaction to the 
drug (table 3) In this group of pregnant rats accentuation of the uterme 
effects of nerve stimulation and adrenalin after cocaine was characterized 
bj the occurrence of pregnancy reversal in rats 104 and 105 It appears 
that cocame maj have sensitized in some waj, the excitatory fibers contained 
in the hj pogastne nerv cs of these animals TV hercas before cocame inhibi- 
tion of uterine motility resulted from nerv o stimulation and adrenalin, after 
the administration of 10 mgm of cocaine per kilogram of body eight these 
same stimuli provoked an excitatory response (table 3, fig 2) 

Non-pregnant Observations of the uterme effects of adrenalin, hypo 
gastric nerve stimulation and cocaine were made on three virgin female 
monkeys Stimulation of the hypogastric nerves and adrenalin caused 
excitation of uterine motihty which v\as characterized by a gradual increa‘?c 
in tonus and by va'?omotor constriction During this period of increased tone 
frequent small uterine contractions were observed Not infrequently the 
period of excitation v\as followed by a period of diminished uterine activity 
The spontaneous activity of the tubes was also increased by stimulation of 
the hypogastric nerves 

Cocaine produced an excitatory effect on the uterus of all three monkeys 
Excitation was represented by an increase in the rate of uterine contractions 
None of the monkeys showed any accentuation of the uterine effects of nerve 
stimulation and adrenalin followang cocaine 

DISCUSSION 

Stimulation of the hypogastric nerves and adrenalin prov oked an excitatory 
effect on the uterus of the non pregnant and pregnant rabbit and of the 
virgin monkey The reaction of the uterus m the cat to nerve stimulation 
and adrenalin v aries depending on whether the animal is pregnant or not 
(table 4) These stimuli produce inhibition of uterine motihty in the non- 
pregnant state whereas excitation occurs during pregnancy (3, 2, 7, 16) 
The reason for such pregnancy rexersal phenomenon has been ascribed to 
the influence of the corpus luteum hormone (G 8) 

Gunn and Gunn (5) first observed that adrenalin provoked relaxation of 
the uterus of the rat in the pregnant or non pregnant state Similar observ a- 
tions v\ere obtained with the guinea pig Later Fleming (4) noted relaxation 
of the non pregnant uterus of these animals after the administration of 
adrenalin In this senes of experiments nerve stimulation and adrenalin 
induced inhibitory uterine effects m the non pregnant rat But during preg- 
nanev the uterus although more rofractorv to nerv e stimulation responded 
by either inhibition or excitation (table 4) Adrenalin too, was found to 
provoke an occasional excitatory uterine response in the pregnant rat An 
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occasional excitatory cfTcct from adrenalin also has been observed on the preg- 
nant uterus of tlie guinea pig (7, 13, 17). 

The occurrence of tlie phenomenon of pregnancy re^'crsal is not limited to 
the cat alone, since in the rat a similar reversal in the uterine effects of nerve 
stimulation and occasionally adrenalin has been observed during pregnanev. 
Although pregnancy reversal occurs more constantly in the cat than in the 
rat one can sec points of similarity between the uterine reactions of both 
animals following nerve stimulation and adrenalin. 

The reactions of the uterus observed in these four animal species arc of two 
main typa*?. The first type of uterine response is characterized by the 
reversal of inhibition during the non-pregnant state to excitation during 
pregnancy. This occurred in the cat and occasionally in the rat (table 4). 

TABLE 4 


Sumtrtarj/ of effect of nerve slimvlation and adrenalin on uterine activity and the influence 

of cocaine on this activity 




NOJf-Pni:ONA?fT 


preqkakt 



Ni*n’C 

stimu- 

lation 

Adren- 

alin 

.\cecntuation 
followinj; cocaine 

Ner\e 

stimulation 

.\drenalin 

Accentuation 
follon iiuc cocaine 

Cats 

1 


Yes (77.7%) 

4“ (occa- 
sional — 
or 0) 

-f- (occa- 
sional — 
or 0) 

Yes (62.5%) 

Rate ' 

— 


Yes (100%) 

— (occasion- 
ally 4-) 

— (occasion- 
ally 4-) 

Yes (40%) 

Rabbits 

' 4- 

( 

4- 

No (81.8%) 

4- (occasion- 
ally 0} 

4- (occasion- 
ally 0) 

Xo (100%) 

Monkxws 

4- • 

4- 

Xo (100%) 

? 

? 

? 


— , inhibition, -bt excitation. 


The second typo of uterine reaction was observed in the rabbit and is char- 
acterized by excitation of the uterus, pregnant or non-pregnant, on stimu- 
lation of the hypogastric nerves or on administration of adrenalin. The reac- 
tions of the uterus in the monkey probably arc of this same type although 
we have no information concerning the uterine effects of nerve stimulation 
and adrenalin during pregnancy (table 4). 

A similar subdivision into Iavo main groups can be made depending on 
whether cocaine does or docs not augment the uterine effects of nerve stimu- 
lation and of adrenalin. It has been demonstrated that cocaine causes aug- 
mentation of the uterine effects of adrenalin and nerve stimulation in the cat 
and rat and no augmentation in the rabbit and monkey (table 4). 

Roscnblueth (15) also observed augmentation of the adrenalin effect on 
the uterus iu situ of the non-pregnant cat. Bum and Tainter (1) and 
MacGregor (12) investigated the behavior of excised uterine strips of the 
virgin cat and found that the inhibition caused by adrenalin was reduced or 
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abolished by cocaine. Lindblora (11) and Thiencsand Hackett (18) reported 
sensitization of the adrenalin effect after cocaine on excised strips of uterus 
from the virgin rabbit. The contradictory results observed by in vitro 
experiments arc probably due to the differences in the experimental conditions 
and in the dosage of the drugs used. Excised tissues deteriorate rapidly and 
experiments of this type are likely to show wide variations in reactivity. 

It is generally conceded that cocaine potentiates the peripheral activity 
of adrenergic nerv'e fibers. The hypogastric nerve presumably contains both 
cholinergic and adrenergic nerve fibers. Both Dale (3) and Cushny (2) 
a.ssumed the existence of a mixture of motor and inhibitory elements in the 
hypogastric nerves, one or the other becoming functionally active according 
to whether the cat is pregnant or not. The results of the present series of 
experiments show that cocaine has accentuated the uterine effects of hypo- 
gastric nerve stimulation in both the cat and in the rat. On this basis it 
appears possible that the hypogastric nerves in these animals may contain a 
predominantly higher percentage of adrenergic fibers. 

The rabbit and monkey, however, failed to show any potentiation of the 
effects of nerve stimulation after cocaine. This i§ the result to be expected 
if the hypogastric nerves of these animals consist predominantly of cholinergic 
elements. Recently Reynolds and Foster (14) found that estrogen has a 
cholinergic action on the uterus of the castrate rabbit whereas this substance 
is devoid of cholinergic action on the uterus of the castrate cat and rat. This 
would tend to support the present findings which indicate that two types of 
sympathetic innervation to the uterus may exist, depending upon the animal 
species. 


SUMMARY 

1. Experiments wore performed on cats, rats, rabbits and monkeys to 
show the effect of adrenalin and nerve stimulation on the non-pregnant and 
pregnant uterus. Cocaine was then administered and the influence of this 
drug on the uterine reactions induced by the adrenalin and nerve stimulation 
was determined. 

2. Stimulation of the hypogastric nerves and adrenalin both resulted in 
inhibition of uterine activity in the non-pregnant cat and rat. During preg- 
nancy reversal of this effect to one of excitation developed. Tliis pregnancy 
reversal was more constant in the cat than in the rat. 

3- Stimulation of the hypogastric nerves and adrenalin both c.aused excita- 
tion of the pregnant and non-prognant uterus of the rabbit and of the non- 
pregnant uterus of the monkey 

4. Accentuation of the effect of nerve stimulation and adrenalin was ob- 
served after cocaine on the uterus of the cat and rat. No augmentation of 
such uterine effects followed the administration of cocaine in the rabbit 
and monkey. 
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0. From the results of cocaine accentuation it is suggested that the fibers 
contained in the hj^pogastric nerves of the cat and rat are predominantly 
adrenergic, whereas in the rabbit and monkey the hypogastric nerves contain 
a relatively higher percentage of cholinergic elements. 
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The recent investigations of Merritt and Foster (1) indicated that dilantm 
sodium had little or no effect upon the plasma ascorbic acid let el in humans, 
but ICimball (2) believes that the gingival hyperplasia m his dilantm-treated 
patients was due to a deficiency in ascorbic acid Gruhzit (3), working noth 
ammals found that the administration of dilantm sodium had no effect on 
the absorption or utilization of this \ itamin In the albmo rat Drake Gruber 
and Haurj (4) found that dilantm produced a sharp rise in the urinary excre 
tion of Vitamin C and an abrupt decrease in the ascorbic acid content of the 
brain adrenal glands blood liver and striated muscle These conflicting 
reports haie led us to make additional studies on the blood ascorbic acid lerel 
in guinea pigs which as far as is knowm cannot synthesize their oim ^^tamm C 
and can, therefore, be rendered quickly aitamin deficient 

METHODS 

Thirty six young female guinea pigs weighing between 150 and 250 grams were used 
in tins work Throughout the expenments the animals were on a diet of Purina Rabbit 
Chow (5) and were given subcutaneouslj Sragras of ascorbic acid diilj On the 14th and 
2l8t diyaof this diet the ascorbic acid level was determined for each animal and then was 
used as the control level T w en t j seven of these amm als w ere then given orally each da> , 
except Sunday a capsule containing 13 mgms dilantm per kilogram (which is cquiva 
lent to the human dose) The remaining 9 animals were kept as controls Following 
this blood was taken once a week from each animal by cardiac puncture and the ascorl ic 
acid level determined After 3 w eeks of dilantm ndramia tration the drug w as discontinued 
and the blood examinations were made each w eek as before 

The blood w as prepared for titration by adding 1 cc of freshly draw n blood to3 ce of a 
mixture containing C 7 per cent metaphosphonc acid and 13 3 per cent trichloracetic 
acid This mixture was centnfuged and 1 cc of the clear supernatant fluid titrated with 
2-(>dichlorophenoIindopbenol which was accuratelj standardized each time before using 

'This research was made possible a grant from Parke Davis and Company 
3S3 
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RESULTS 

In figure 1 is presented the average weekly ascorbic acid levels of both the 
treated and the control animals. In this figure it is seen at once that the 
administration of 13 mgm. of dilantin per kilogram daily to guinea pigs pro- 
duced a rapid and progressive decrease in the blood ascorbic acid level The 
control animals, however, maintained their blood ascorbic acid level through- 
out the course of the experiment. It will also be noted that within three \veeks 
after the discontinuation of dilantin the ascorbic acid levels of the treated 
animals returned to their original values. These observations support our 
previous findings that oral administration of dilantin decreases the blood 
ascorbic acid level in rats (4), 



Fig. 1. A graph showing the average weekly blood ascorbic acid level in 27 diiantin- 
treated and 9 control guinea pigs on a Vitamin C free diet supplemented by a daily sub- 
cutaneous injection of 5 mgm. of ascorbic acid. The curve with the open circles pertains 
to the control animals that with the dots to the dilantin-treated animals. The ordinate 
shows the blood ascorbic acid in mgm. per 100 cc., and the abscissa is time in weeks. The 
symbol i indicates the beginning of the daily oral administration of 13 mgm. dilantin per 
kilogram to 27 animals. At the second arrow ( f ) the dilantin was discontinued. 

From our experiments it will be noted that 5 mgm. of ascorbic acid given 
daily to normal animals, on a diet of Purina Rabbit Chow (5), free of 
min C, are adequate to maintain the blood ascorbic acid levels in otherwise 
normal animals over a period of at least 9 wrecks. How^ever, animals kept 
on this same routine are unable to maintain their blood Vitamin C levels while 
receiving dilantin. It will also be noted that after the withdrawal of the 
dilantin the daily dose of 5 mgm. of ascorbic acid is sufficient to restore the 
blood ascorbic acid level to its original value within 3 weeks. 

CONCLUSIONS 

1. Dilantin sodium given orally in dailj’- doses of 13 mgm. per kilogram 
(equivalent to human dose) to guinea pigs on a Vitamin C free diet, supple- 
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mented •with 5 mgm ascorbic acid dailv, produces a rapid and progressive 
fall m the blood ascorbic acid level 

2 The blood ascorbic acid level in the animals which had received dilantm 
returned to normal wathin 3 w eeks after v\ ithdraw al of the drug 
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The induction of asphyxia restores excitability to the vagus nerve paralysed 
by curare. Tiic purpose of this paper is to report the results of experiments 
designed to investigate this phenomenon. 

MATERIAL A^^D 3UETHOPS 

The cxpcrimcrits were performed on do;;8 (S to 15 kg.) EmestUetized by morphine sul- 
fate (10 mgm, per kg, Bubciitnneously) followed 30 minutes later by urethane given by 
stomach tube (1 gm, per kg,). In a few instances cats or rabbits were used. In all ex- 
periments tracheotomy was performed and a T-cannula introduced before the various 
blood vessels were prepared. This allowed the immediate starting of artificial respira- 
tion. In most experiments the right vagus nerve was then isolated and severed. The 
left vagus nerve was treated similarly, but the peripheral end was bound on two curved 
electrodes. The exposed nerves were covered with gauze soaked in Ringer's solution. 
The stimulation of the nerve was accomplished by means of a Harvard inductorium and 
a dry cell of 1,5 volts. The secondary was usually placed at number 6 of the scale. 

Three dilTcrcnt samples of curare were tried, all supplied by Merck and Co. 
The solutions were prepared in the following way: to 50 mgm. of curare 10 cc. of distilled 
water were added; then the ampule was sealed and shaken for two hours, heated to 100®C. 
for one hour and allowed to settle overnight at room temperature. The next day the 
solution was filtered, 3 ec. of the filtrate containing approxitnately (according to a 
statement of Merck and Co.) 3 mgm. of dissolved curare. The initial dose of curare 
solution was 0.05 to O.I cc. per kg. The same dose was again injected, if required, up 
to a total of 1 to 2 cc. per kg. 

The action of curare was compared with that of Ery throidine (tetrahydroerythroidine 
hydrobromide) (1) supplied by Merck and Co. A 5 per cent solution was used. 

An ivcrcasc of COf in the blood of curarized animals was obtained by interrupting the 
artificial respiration. In animals with normal breathing it was obtained: (I) by re- 
breathing from an extensible rubber balloon filled with air applied to the tracheal can- 
nula; (2) by closing the trachea with a clamp. 

All the drugs used in these experiments, potassium chloride, physostigminc salicylate, 
atropine sulfate, nicotine sulphate, acetylcholine chloride, and acetyl-beta-mcthyl- 
choline,, were given intravenouriy, almost always in the right jugular vein. The blood 
pressure was measured in the right carotid artery. Lead 2, using needle electrodes, of 
the electrocardiogram was recorded in some experiments. 
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RESULTS 

1 Effect of lagol siimulaiion before and after curare admxmstralion It is 
>^ell known that electncal excitation, either of tlie peripheral cut end or of the 
intact \ag;us nerie, is quicklj followed bj brad} cardm and b} a fall m blood 
pressure The brad} cardm is often preceded bj complete as^btole, appar- 
ent! j due to sino auricular block The drop in blood pressure is ‘«udden and 
dramatic The electrocardiogram maj show the following changes sino- 
auncular block, sinus bradj cardm or aunculo lentncular block, there are 
usually also a decrease in the height of, or an in\ersion of, the T-wa\e and a 
depression of the S T segment 

The injection of cuiarc produces in the dog a more or less lasting drop in 
blood pressure In. cats, however, the effect is less uniform and in some 
experiments hj pertension is noted The electrocardiogram show s no changes 
after the administration of curare 

The mjection of a email dose (0 05 to 0 1 cc per kg ) of curare solution does 
not alwavs alter the cxcitabilitv of the \agus nerve However, when the 
dose of curare is large enough to impair the diaphiagm stimulation of the 
pcnphcral cut end of the vagus nerve m followed bv a drop in blood pressure 
which IS smaller and maj even be reduced to le^'S than one half that occurring 
in the non curanzed dog 'WTien the injected dose is increased from 0 3 to 
0 5 cc per kg of the curare solution the diaphiagm becomes paialjzcd and 
following vagal stimulation the drop in blood pressure is i educed to approxi- 
matel} one third of that occuning m a non curanzed dog Upon increasing 
the dose to 1 to 2 cc per kg of the curare solution a stage is reached in winch 
no changes m the blood pressure occui upon stimulating the vagus nerve 
(figs 1, 2, and 5) That the paralv sis of the v agus nerv e is not related to the 
low level of blood pressure induced bv curare can be demonstrated b} the 
fact that injection of epinephrine increases the blood pleasure in a curanzed 
animal but does not influence the induced vagal paralysis In cats often no 
blood pressure drop precedes the paral} si-i of the v agus caused b} curare 

Analysis of the elect! ocardiogram shows that when the dose of curare is 
msufficicnt to cause paral^siv, of the diaphragm, the usual changes noted 
after vagal stimulation in a non curanzed animal still occur, but to a leaser 
degiec In fullv curanzed ammab stimulation of the vagus nerve no longer 
produces electrocardiographic changes 

Erjthroidme, on the contrarv showed a much weakci action on the vagus 
A dose sufficient to paiah ze the diaphragm (1 5 mgm /kg ) is without effect 
on the V agus nen c A dose three times as largo is able to change the function 
of the \ igus nerve but complete paralv sis is obtained onlv bv injection of 
10 mgm per kg or more (fig G) 

•\tctvlcholme and acetvl beta mcthjlcholme cause bradv cardia, often heart 
block and hv potcnsion w hen injected into normal dogs Uter curarization 
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Fig. 1, Dog, 8 Kg. Intact Vagi 

a, blood pressure drop by stimulation of the left vagus; b, blood pressure rise by same 
Btimiilation after 2 5 cc of curare solution. ^ 



Fig 2 Dog, 4 3 Kg Cut Vagi Stimulation of the Peripheral End of Left 

Vagus 

a, blood pressure drop before curare, 6, no change in blood pressure after S cc. of 
curare solution, c, the c\citability of the vagus is increased by anoxemia, then depressed 
by artificial respiration, then increased again by anoxemia (not marked) 




b 

Fio 3 Dog, 1C Ko Cur Vagi Stimui ation of the Pehipher^l End of Left 
Vagus after 10 cc of Curare Solution 
a, effect on blood pressure 6, effect on heart sounds and electrocardiogram 



Fig -I Doo.TSKo Intact\aoi R fs pi ra tort Cl r^ band Blood Pressure CfuR^E 
Action of ncetjlcholjne (0 05 mg ) before and after curare solution (10 cc ) After 
curare as well vagus stimulation ns acetj Ichohne cause a slight rise of blood pressure 
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small doses of acetylcholine chloride (O.Oo mgm. per kg.) and of acctyl-beta- 
methylcholine, (0.25 mgm. per kg.) become ineffective (fig. 4). Much larger 
doses still lower the blood pressure, but the intensity of the action is markedly 
decreased, so that only one-half or one-third of the original drop in pressure is 
obtained. 

2, Effect of asphyxiOj potassiian, and physostigminc on the vagal paralysis 
caused by curarcy erylhroidincy nicotine^ or atropine. That the paral^^sis of the 
vagus nerve caused by curare can be abolished is demonstrated by the follow- 
ing experiments. If, in a curarized animal, artificial respiration is stopped, 
the blood pressure rises. If now the peripheral cut end of the vagus nerve is 



Fig, 5, Dog, 6.3 Kg. Cut Vagi. Stimulation of Peripheral End of Left Vagus 

a, blood pressure drop before curare; 6, curare solution (2 cc.) causes hypotension; 
after the injection vagus stimulation has no effect; c, after potassium chloride (3 cc. 
1 per cent solution) the vagus nerve is excitable again; d, atropine sulphate (0.3 mg.) 
is injected causing paralysis of the vagus; reinjection of potassium chloride in the 
same dose docs not affect the paralysis. 

stimulated, excitabilit 3 " can be demonstrated, though to a lesser degree, than 
before curare administration (fig. 2). This newly awakened excitability lasts 
for some minutes, even though artificial respiration is restored. Asph 3 ocia 
will likewise renew the excitability of a vagus nerve paralyzed by 
cr 3 'throidine. 

To demonstrate that this is a specific effect for curare and eiythroidine, 
in an atropinized animal, on the other hand, anoxemia produces no change 
in the peripheral paralysis of the vagus nerve. Furthermore, if a curarized 
animal (vagal excitabilit 3 ' present after anoxemia) is atropinized, the vagus 
ner\'e can no longer be rendered excitable by asph 3 ^xia. In nicotinized animals 
we were also able to show that the induced paralysis of the vagus nerve is not 
affected by asphyxia. 
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Physostigmine salicylate (1 mgm. per kg.) is likewise able to overcome com- 
pletely the paralj-sis of the vagus nerve due to curare (fig. 7). Its action 
seems to be even more effective than that of potassium. 

Acetj Icholine chloride (0.05 mgm. per kg.) has no effect in a curarized dog. 
If, however, potassium chloride is injected info this animal, the previously 
ineffective dose of acetylcholine will now lower the blood pressure and cause 
bradycardia. 



Fig. 7. Dog, 9 Kg. Cut Vagi. STiiiULATioN or PEnirriEnAL End of Left Vagus 
a, before curare; 6, after repeated injections of curare solution up to a total of 5 cc. 
(parab'sis of the vagus nerve); c, after a single injection of physostigmine salicylate 
(9 mg.) the vagus excitability is restored. 

The paralysis of the vagus nerve induced by atropine sulfate (fig. 5) or nico- 
tine sulfate is unaffected either b3" potassium chloride or by physostigmine 
salicylate injection. 


COMMENT 

It is evident that curare paralysis of the vagus nerve can be overcome by 
asph.v.via. This is specific for curare paralysis since asphyxia has no influence 
upon atropine or nicotine paralysis of the vagus nerve. Since we have demon- 
strated that the injection of potassium chloride has the same effect as asphyxia, 
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although not so marked, it is theoretically possible that a.sphj'xia, in some 
unknown way, causes the liberation of potassium. This w as actually described 
by previous workers (2, 3, 4, 5, C). i 

Physostigmine is able to restore completely the excitabihtj' of the vagus 
nerve (7, 8) and its action is even more intense than that of asphj’xia or potas- 
sium In curarized animals spontaneous respiration is observed after 
physostigmine administration It is known that both substances, acetyl- 
choline and potassium, w ork in the same direction on the vagus nerve and on 
voluntary muscle tissue (9). Normally acetylcholine liberates potassium 
(10, 11) and is quickly destroyed by choline esterase. One of the possibilities 
is that curare prevents the liberation of potassium (12). This does not 
explain, however, why spontaneous respiration is only seen after the injection 
of physostigmine, but never after the induction of asphy.\ia or the injection 
of potassium. 

SUMMARY AND CONCLUSIONS 

1. Curare causes a peripheral paralj'sis of the vagus nerve. The effect on 
the vagus nen’e becomes noticeable with a dose which is not sufficient to cause 
paralysis of the diaphragm, but is complete only when doses sufficient to 
produce diaphragmatic paralysis arc used Stimulation of the peripheral cut 
end of the vagus herve is without effect after curarization 

2. Erythroidine has an effect on the vagus ne^^ e similar to that of curare, 
but this effect is obtained only by very large doses, which are much greater 
than those necessary to paral 3 'ze the diaphragm 

3. The paral.vsis of the vagus nerve induced bj' curare is partly' relieved bj' 
asphyxia; this is not due to the resulting hypotension, since hypertension 
induced bj- epinephrine m the curarized animals docs not re-excite the vagus 
nerve. 

4 The injection of potassium or phjsostigmine has the same effect as 
asph^ocia upon curare paralj'sis of the \agus nerve. 

5. Curare paralysis of the vagus nerve differs from atropine or nicotine 
parakvbis in that the latter arc unaffected bv-^ asphyxia and potassium or 
plij-sostigmine 
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The exact manner in which digitalis exerts its beneficial efifeefc on the iaUing 
heart is still a moot question, and extreme di\'crgence of opinion exists even 
among present day investigators. Gold and Cattell (1) maintain that by 
direct action on muscle the drug enables the lieart to develop greater tension 
during systolic contraction without primary change in the diastolic length of 
the muscle. Katz, Rodbard, Friend and Rottersman (2), on the other hand, 
concluded from experiments on dogs that the chief site of action of therapeutic 
doso.s of digitalis is not the heart but peripheral vessels, particularly those of 
the liver. To avoid certain difficulties of interpretation of observations made 
on the intact animal or the isolated whole heart we have investigated the 
action of digitalis on small strips cut from the cold blooded heart. Interest 
has been centered for the most part on the alteration in time relations brought 
about the drug. Tfiese include changes in the conduction rate, the rate of 
spontaneous beating and the Q-T interval of the electrocardiogram. Since 
the Q-T interval was shown preAUously (3) to be equal to the refractory period 
this latter quantity also has been measured indireetbv. iMechanical records 
were taken simultaneously with electrical in certain cases to see whether the 
linear relation between the duration of the beat and the Q-T interval previ- 
ously established in normal heart strips (3) held also when Q-T was shortened 
by the drug. The threshold strengtiis of electrical stimuli were studied with a 
view to the possibility of relating them to changes in the spontaneous rhythm. 

The method and the theoretical basis for the interpretation of the electrograms ob- 
tained have been described in detail elsewhere by Blair, Wedd and Young (3), (or see 
Craib (4), Wilson, iMaclcod and Barker (5) or Ashman, Wilde and Drawe (6)). Strips of 
mnselc were placed on filter paper or a paraffin block and bathed with phosphate-buffered 
Ringer’s solution. The tissues were rhythmically stimulated by condenser discharges; 
the stimulating electrodes were placed transversely at one end and two recording elec- 
trodes lay along the muscle; the latter were paired with indifferent electrodes placed 
about two inches from the muscle. Potential differences were amplified and recorded b> 
a piezoelectric crystal ink writer. With this type of recording a diphasic wave is ob- 
tained wlien the tissue depolarizes and also when it repolarizes at the region under a 
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contiguous electrode (fig 1) The muscle strip represented twice at the top of this 
figure IS stimuHtcd through two electrodes at A The passage of the wave of excit ition 
IS evidenced bj progressive depolarization which is crpiivnleiit in its external electrical 
tffccts to the passage along the strip of the pol irized cip shown underneath If elec- 
trode P' IS distant the potential changes recorded between P and P will be due cs 
senUallj to chatigts at the region P alone The polarized cap as it approachcb and re 
cedes from P will nuke it positive and negative respectivcli giving a diphasic record 
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-EXCITATON 

P' D 
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RECOVERY 
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Q- EXCITATION T- RECOVERY 



Q' T' 

Fio I A Schematic Rephesentation of the Method a\d Records 
At the top IS represented a heart strip during excitation and rccovcr> The dots A 
represent the stimulating electrodes P and P' represent one pair of recording elec- 
trodes and D and D represent another pair Lac^ pair gives a record of the type 
'' ‘ the strip and 

IS depolarized 


like Q m the diagram marked P P The rcpolurization or recoi erj of the strip w ill he 
equivalent ekctricallj to the passage of a similar but oppositclj directed polarized cap 
as shown in the top right This will make the electrode first negative and then po*>i 
tive as represented b> the diphasic wave T m the middle diagram The changes at 
electrode D will be the same as at P but later m occurrence as show n bv the lowest din 
gram The vclocitj of the excitation wave mav be measured bj dividing the distance 
AP bv the tune SQ $ being the record of the stimulus, or bj dividing the dist incc PD 
bj the tune QQ The intcrial between depolarization and rciiolariration at a given 
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electrode is culled Q^T in conformitj' with customary electrocardiographic nomenclature. 
To determine the refractor^' period the muscle was driven rhythmically, and test shocks 
five times the threshold strength were placed successively closer to the repolarization 
wave until an extra response failed to occur. To record mechanical systole the muscle 
was placed in a small well in a parafiin block and was attached at one end to a fine glass 
rod which served ns an isometric lever whose movements were photographed. The 
stimulating shock was recorded on both camera and ink writer to permit accurate timing. 
The drug used in all experiments was digoxin, a pure glucosidc obtained from Digitalis 
lannta. Observations were made with varying concentrations. In general, the con- 
centration 2 X lO""* proved most useful producing definite effects promptly without 
“appearing to be unduly toxic. 
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Fig. 2. From a Spontaneously Beating Strip op Turtle Auricle 
Digoxin 1 X 10"® was added at the time indicated by the vertical bar. Slowing of 
rate began almost immediately. At first Q-T tended to lengthen in accord wiUi rate 
slowing but this was soon overcome by the characteristic action of the drug to shorten 
this interval. 


DRUG EFFECTS 

Rate of beating 

Spontaneously beating strips of frog and of turtle auricle were used to deter- 
mine the effect of the drug on the rate. In these the rate was measured from 
electrical records taken at intervals of a few minutes. The strips were bathed 
with Ringer’s solution until the rate was found to be stable, and then the drug 
was added. Fall in rate usually occurred promptly with concentrations of 
1 X lO'^ or greater. In figure 2 is a typical example of a turtle auricular 
strip in which the rate fell nearly linearly for 80 minutes after which time the 
beating ceased. Exceptions to this were observed, however, in two cases of 
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freshly excised strips of turtle auricle In these the rate of beating increased 
to about twice its initial \alue during the first hour after the drug 2 X 10~* 
in one case and 1 X 10“* in the other This result may have been due to 
injury as it was nci er obsen ed m strips which had been dissected some hours 
before using and kept cold — the procedure commonly followed On the 
other hand this rise in rate may be due to the same factors which sometimes 
give nse to spontaneous tachycardia in rhythmically driven turtle \entncular 
Btnps 


Threshold 

The threshold strengths of electrical stimuli applied at regular rates were 
measured to see if their variations could be related to the change in sponta- 
neous rhythm produced by the drug The reason for doing this is as follows 
The natural rh 3 dhm can be regarded as due to the spontaneous deielopment 
of an excitatory state m the pacemaker region AVhen it reaches a gi\en 
threshold value the tissue responds locally and conduction to other regions 
ensues Following the refractory period this process is repeated The rate 
will decrease if the excitatory state develops more slowI>, if the refractory 
period lengthens, or if the threshold becomes higher It will be shown later 
that the drug always shortens the refractory period Consequently the rate 
would be expected to increase if the other factors remained constant Since 
it actually decreases a rise m threshold was looked for as a possible cause A 
rise m this threshold of the spontaneously developed excitatoiy state is 
measurable m terms of the thre'^hold for externally applied stimuli according 
to generally accepted vnews 

To study threshold changes the heart strip was suspended m Rmger's 
solution m a XJ-tube and driven at a constant rate Non polarizable elec- 
trodes of the Zn-Zn SO 4 type were used The drug was mtroduced by chang- 
ing the solution without disturbing the muscle or by continuous irrigation 
with Ringer's solution to which digoxin had been added The threshold w as 
determined by reducing the strength of the stimulus until the response just 
failed to appear The results of these experiments are showm m table 1 Here 
the percentage change m threshold found at vanous times m hours following 
the addition of the drug is given for a number of different drug concentrations 
In approximately one half the expenments the change was less than 10 per 
cent Two additional expenments with a concentration of 4 X 10“* caused 
a fourfold nse in one hour, the effects of this high concentration are therefore 
more consistent In a few cases the low enng of a threshold may be sufficient 
to account for a considerable increase in rate and therefore for the occasional 
tachycardias induced bj the drug w hich vi ere mentioned abov e Because the 
threshold changes are usually rclatii ely small at the time the rate has changed 
considerably it is concluded from the<?e results that the usual marked Mowing 
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of rate cannot be due principally to threshold changes but rather to a slowing 
of the rate of development of excitation at the pacemaker. 

Effect on the refractory period and the Q-T interval 

We have shown already (3) that in this type of experiment practically 
identical values are obtained for the Q-T interval and the absolute refractory 
period w'hen both are measured at the same region, that is, at a region such 
as that adjacent to electrode P or to electrode D of figure 1. The importance 
of this restriction is due to the fact that the refractory period is intrinsically a 
local property w^hile the Q-T interval or electrical systole may be measured 
either locally by the method of figure 1 or for the w'hole strip or organ as is 

TABLE 1 

The coltmns give the changes in threshold strengths of electrical stimuli in per cent of the 
normal as measured at one^half hour intervals following administration of digoxin 
of the concentrations in parts per million given by the lop row 



done in clinical electrocardiography. Obviously the latter method measures 
electrical systole from its beginning in the region first excited to its ending in 
the region last to recover. Equality of refractory period and Q-T w'as ob- 
tained after digoxin as well as ivith normal strips (3). Digoxin invariably 
shortens the Q-T inten^al and the refractory period if the rate is kept constant 
and it usually does so even when the rate is slowed considerably. In figure 2 
it will be seen, for example, that only a very transient increase of Q-T occurred 
with slowing of the rate of the spontaneously beating strip. Figure 3 shows 
how Q-T becomes shorter when the rate is kept constant. In X a weak con- 
centration produced a slow shortening. In B a strong concentration acted 
much more rapidly. In either case the ultimate shortening was more than 
50 per cent. Kesults of this kind were invariably obtained with both auneular 
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and ventricular strips These observ ations on the relation of Q T to refrac- 
tory penod, and its shortening by digitalis confirm those of Macleod for the 
whole frog heart (7) 

Earlier observations which reported lengthening of refractory penod by 
digitalis failed to take sufficiently into account its depressant action on con- 
duction When the point of electrical recording is some distance from the 
stimulating electrode, or more especially when mechanical recording alone is 
used, slowing of conduction wall account for the delay in response to the test 
shock after the drug The controversial aspects of this question have been 
discussed by Lewis and Drury (8) and by Macleod (7) 
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Fio 3 The Effect of Diootin on Rhythuicallt Dristn Strips of Turtle 
Ventricle 
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It was ahowm pre\ lously (3) that Q-T of the beat following a single short- 
ened diastohc interval, introduced dunng steady driving, was shorter the 
shorter the diastolic interval until a limit was reached with zero diastohc 
interval The upper cun e of figure 4 represents an expenment of this kind 
on a normal turtle ventncular stnp The recotds m figure 6A represent the 
data for a single point of this curve Digoxm was then added while dming 
at the steady rate of 7 5 per minute and the expenment w as repeated after 
substantial shortening of Q-T had occurred The resulting data are plotted 
in the lower cune of figure 4 It will be seen that Q-T shortened as before 
with decrease of diastohc mten al to the same limiting ^ alue Thus although 
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a long Q-T at the slow steady rate is markedly shortened by the drug its 
further shortening by an extra very early beat cannot be carried beyond the 
normal minimal value which appears to be fixed and independent of the drug 
action. The analogous effect determined by increasing the rate of beating 
vnW be discussed now. 

Many observations were made on the response of the muscle to various rates 
of beating before and after digoxin. In general, the Q-T interv^al varied 
with the rate of beating, and usually the longer the initial Q-T the greater w'as 
the shortening produced by the drug. However, exceptions w’ere noted. In 



Fig. 4. The Relation of Q-T to Diastolic Interval before and after Digoxin 
While stimulating a strip of turtle ventricle at intervals of 8 secs, single extra shocks 
were introduced to determine the relation of the Q-T interval of the extra beat to the 
preceding diastolic interval. The upper curve is the control. The lower W'as obtained 
one hour after digoxin 2 X 10“* had been added. It will be seen that the Q-T interval 
for. the regular driving was considerably shortened by the drug but the maximal Q-T 
shortening for the shortest possible diastolic interval was the same as that recorded 
before the drug. One of the actual records of this experiment is given in figure 6A. 

one experiment in which t\vo strips from the same heart were studied on the 
same day, for the one driven at a rate of 21 per minute the Q-T interval short- 
ened 45 per cent; its mate driven at a rate of 9 shortened but 23 per cent; all 
conditions for both were the same as far as could be determined. One of a 
group of experiments in w’hich the tissue was driven at increasing rates, 
holding it for a short time at each rate to allow Q-T to stabilize, is illustrated 
in figure 5. Comparison of the response before and after digoxin shoivs that 
before the drug the maximal shortening of Q-T was reached at a rate of 54 
per minute and it then became unstable and alternating. After the drug, the 
same minimal Q-T w^as reached at a lower rate of beating, 37 per minute, 
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foUoT^ ed by similar instability. Thus it is found that by dnving at increasing 
rates as well as following single early beats the Q-T interval of a given tissue 



Fio 5 Response of the Q-T Inters At in a Strip or Turtle Ventricle to Increasino 
Rates of Beating, before and after Digoxin 



cannot be shortened beyond a minimal value which js the same with or with- 
out the drug Therefore the drug cannot shorten significantly Q-T which 
already has been greatly shortened by high rate This is demonstrated in a 
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single experiment in which the muscle was driven at a rate of 31 per minute 
for one hour and in which the Q-T inter\^al alternated between 1.22 and 1.26 
second) digoxin, 2 X lO””® was then added; alternation continued, and during 
the hour in which the drug action was watched the shortest Q-T interval was 
1.18 wsecond. This relatively small influence of digoxin on the Q-T interval 
at high rates of beating may be of significance in connection with the well 
known therapeutic inadequacy of digitalis in clinical cases such as paroxysmal 
tachycardia or sinus tachycardia with congestive failure in which the heart 
rate is high and is not slowed by the drug. 

Velocity of conduction 

The well kno\\ii depressive influence of digitalis on conduction did not 
appear to be an important early effect in these experiments. In figure 3 A and 
B the dots represent conduction times as measured from shock to Q. It ^rill 
be seen in both cases that conduction slowed but not so rapidly as Q-T short- 
ened. Figure 6 B, C, D, are records which also show this effect. Record B 
was made with the muscle in Ringer^s solution, C after contact with the drug 
for 30 imnutes. It will be seen that Q-T is much shorter in C than in B but 
the interv^als shock to Q and Q to Q are about the same. Later in D, liowever, 
these quantities are considerably increased shoving slowed conduction. 
Conduction block evidenced by response at the proximal electrode and failure 
of response at the distal was not observed. At times folloving the drug 
impaired conduction was latent and became manifest only when the driving 
rate was considerably increased. 

Mechanical systole 

The influence of digoxin on maximal tension in these experiments was 
inconstant. Normally tension declined progressively and rarely did the 
drug cause an appreciable or sustained increase in amplitude of contraction. 
When such increase did occur it appeared early, 5 to 20 minutes after the drug 
was applied, always before marked Q-T shortening, and it was seldom main- 
tained more than one-half hour. Failure to obtain the tension increase 
usually expected from digitalis action may be due in part to the slow rate of 
beating and the relatively long diastole of the tissue studied. Since repolariza- 
tion appears to terminate contraction (3), marked shortening of Q-T may limit 
tension development unless there is some other direct action which tends to 
increase it. That tension is not necessarily related to rate of beating or to the 
Q-T interval was seen in numerous experiments, with or vithout digoxin, in 
which, following a period of rapid stimulation and then a pause, there ap- 
peared an unusually large beat with a short Q-T interval. An illustration of 
this interesting phenomenon is seen in figure 7, and further details of this 
experiment are given in table 2. This effect has been observed in single 
fibers of skeletal muscle by Ramsey and Street (11). 
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The duration of mechanical systole was regularly shortened by the drug. 
As already mentioned, since repolarization appears to be the factor which 
terminates contraction, and since Q-T is regularly shortened by the drug, this 
shortening of mecJmnical systole is to be expected. The relation between 
Q-T and the width of the mechauogram measured at about half relaxation was 
found to be a linear one in normal tissue (3). In figure 8 this relation is 
plotted for a stnp in which Q-T was first shortened by driving at increasing 
rates. The rate was then slowed to its original value and the drug adminis- 
tered. During the following 30 min. Q-T was shortened by the drug alone. 
Then it was shortened further by fast driving. All the points except the first 
three after the drug fall closely on the same line. From this it is concluded 
that the duration of mechanical systole varies as the duration of electrical 

TABLE 2 


Data for heats shown in figure 7. The second to last heal is enhanced greatly in height by 
the preceding high rate and the lengthened diastolic pause 
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systole and that it does so in the same way after the drug as before. The first 
three points taken at 5 min. intervals after drug administration show a de- 
crease in duration of mechanical systole before Q-T is shortened. We have 
no explanation for this minor exception to the rule but it may be associated 
with the progressive weakening of contraction usually observed following the 
drug. If so, fast driving tends to relieve this depression. Enhanced beats, 
such as that in figure 7 are sometimes off the line also in either direction 
depending on the pause preceding them. 

COMMENT 

The failure in these experiments to observe a significant and sustained 
increase in the height of mechanical contraction cannot be considered to have 
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any beanng on the experiments of Gold and Cattell (1) or their interpretation 
of the mechanism of digitalis action We, too, have obser\'cd that action, 
and have also shown that mechanical effects may be independent of electncal 
It is possible that under certain conditions digitalis does have a direct stimu- 
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mechanical reconla from a atrip of turtle ventricle taken after steady driving with 
* ’ * • • f - ~ 1 'pi ^hock to T intervals for these beats arc Jtivcn 

he middle row are beats with 2 8 sec intervals 
. . ottom row begins with tbc last t%\o beats of 

. . ■ ■ • . intervals are given below The next beat is 

greatly enhanced in height but is of short duration The following beat is of normal 
height but the duration is still brief Complete data for these beats are given in table 2 

latmg action on contraction In our experiments the invariable action of the 
drug w as to shorten systole, both electrical and mechanical This same effect 
has also been obsen cd m man Cheer and Dieuaidc (9) found a con‘»istcnt 
decrease m the of the Q-T in rchtion to the R-R mten al and Berliner 
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ao) in a small series of patients with normal rhythm, found Q-T shortening 
m every instance, while change in the form of T and slowing of rate occurred 
less frequently. It would seem logical to seek, at least in part, the explana- 



Fig. 8. To Illustrate the Relation between Q-T and the Duration of Mechanical 
Systole in a Strip of Turtle Ventricle at Different Rates of 
Beating before and after Digoxin 

The large circles represent consecutive Q-T intervals at increasing rates, and the 
small circles at decreasing rates before drug action. Black dots are for similar Q-T 
intervals after digoxin e.vcept that the seven dots to the right just above the 1.6 position 
were obtained at 5 min. intervals during the initial 30 minute period of regular driving. 
The remainder are the data for successive beats while driving at increasing rates. These 
latter points fall around the same line as that determined for the normal tissue. During 
the initial period the beat duration often shortens somewhat before Q-T has begun to 
shorten; this is shown by the three dots farthest to the right. 

tion of the desired drug effect in this constant action. If there were greater 
agreement with the view of Cheer and Dieuaide that prolongation of Q-T is an 
iiccompaniment of congestive heart failure the importance of Q-T shortening 
by digitalis would be obvious. 
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Shortening of the Q-T interv al, the refractory period and mechanical s3rstole 
may indicate that recovery is more rapid, or, on the other hand, the shorten- 
ing of systole may contnbute to recovery by penmtting longer diastole If 
so, the powerful contraction of a well recovered muscle, though brief, is 
probably more effective than the longer, weaker contraction of a partially 
recovered muscle Whether the ultimate action of digitalis consists in 
increasing oxygen consumption, or fa^onng the building up of a greater 
creatine reserve, or influencing some other metabolic activity, it would seem 
highly probable that such action would be furthered by the mcreasmg of 
diastole, which is accomplished by shortemng of systole, and at times also by 
desirable slowing of rate of beating Certainly the maintenance energy 
requirement is reduced by such changes 

Cheer and Dieuaide have pointed out that excessi\ e shortemng of Q-T is 
followed by toxic symptoms, but it should be emphasized that Q-T shortening 
itself IS not a toxic mamfestation and it appears well before therapeutic dosage 
has been administered to patients 

A brief descnption of the principal action of digitalis is that its effect on 
systole IS similar to that of increase in heart rate This is true in regard to 
the increase in muscle tension and to the shortemng of Q-T, the refractory 
penod and the duration of the beat It is not true in regard to conduction 
which IS risually slowed rather than improved by the drug 

SUMMARY 

The effect of digoxm has been studied on spontaneously beating strips of 
auncle from the frog, Rana pipiens, and the turtle, Pseudomys elegans, and 
rhythmically dnven stnps of ventricle from the turtle The spontaneous 
rhythm was usually slow ed markedly by the drug Measurements were made 
on the dnven stnps of the Q-T interval, the conduction time, the maximal 
tension, the duration of systole, the effect of a single short diastole on the 
ensumg Q-T, the effect of different rates on Q-T, the relation of Q-T to the 
duration of systole and vanations of the threshold to clectnc stimuli Me- 
chamcal systole is proportional to electncal sj stole and both are invariably 
shortened by the drug The shortening is less at higher rates of beating 
because the Q T of a given tissue cannot be shortened bej ond a certain hmit, 
either by single early beats or rapid dnving and this limit is the same v\ith or 
without the drug Since the refractoiy period which is equal to Q-T iS 
shortened by the drug and the threshold does not regularly change markedly, 
the slowing action of the drug is ascribed to the slowing of the development 
of excitation at the pacemaker region Slowing of conduction usuallj oc- 
curred but later than Q T changes Tension increases were irregular and 
when seen occurred carlj The amplitude of contraction may be independent 
of the duration of systole and the diastolic inten al The possible significance 
of the shortening of s>^tole for the therapeutic action of digit ahs w as discu«?sed 
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briefly. It seems reasonable to suppose that the final action of digitalis is 
related to the lengthened diastole which it produces. There is reduction in 
the maintenance energy requirement, and longer time for recovery from 
contraction is given. 
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The present paper deals with the effect of dial,* avertm fluid,* a\ertm 
crystals,* amylcne hydrate, acctamhde and sodium bronnde on the cerebral 
vessels of anesthetized cats The method of observation, briefly, \tas as 
follows A cranial tiindow was inserted over the parietal cortex, and the 
diameters of pial vessels iv ere observed and measured bj microscope Hecord- 
mgs of blood pressure from the femoral artery and of cerebrospmal fluid 
pressure from the cisterna magna were obtamed by photokj mograph (1) 
Various drugs dial avertm (with or mthout amylene hjdrate), nembutal or 
ether were used for surgical anesthesia ^Vhen the animal w'as readj for 
observation, succe'^ive doses of the drug to be tested were injected intrave- 
nously Sometimes the same drug as that used for the imtial anesthesia \ms 
studied, sometimes a different drug Fortj -two cats were studied 

1. PXAXi 

The results compiled from individual records are shown m figure 1 Dial 
itself was used ns the imtial anesthetic eight times and ether once Subse- 
quent intravenous injections of dial, m doses ranging from 0 036 to 0 32 cc 
per kilogram, caused a variable response (fig 1) In two animals a dilator 
effect was clear In four others the situation was complicated by periods of 
apnea or of low blood pressure, and either of these conditions alone would 
have been sufficient cause for the dilation (1) With the three remainmg 
animals there was no constancy in the vascular response The first injection 
of dial often was followed bj apnea In the uncomplicated experiments the 
degree of dilation was never large, it began about twentj-five seconds after 
the injection and lasted onl> a minute or so The four constrictions showm 

* This study was aided bj a grant from the Institute for the Study of Annfgesic and 
Bedatvve Drugs 

*Dial— caehec contains diallylmalonjlurea 0 1 gram urethane 0 4 gram and mon 
ethjlurca m diatiUed water The dial was contnbuted for cxpenmental purposes bj 
tbeCibaCo Lafajelte Park Summit N J 

* Avertm fluid— tnbrometbanol (sat sol ) in amylene hydrate diluted with water to 
make a 2 5 per cent solution of the original fluid C'\'inthrop Cbem Co ) 

* Avertm cry stals— a 2 5 per cent solution in distilled water 
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In figures 1-6 the arrangement and symbols are the same. At the top, labelled ^^JPial 
Art,” each line charted represents the percentage change in diameter of a pial artery 
following a single intravenous injection of the drug. Below, labelled ,each line 

charted represents the total amount of rise or fall of pressure in the femoral artery; the 
terminal point reached is signified by the black dot at the end of the line. In a few 
instances both a rise and a fall in blood pressure occurred. This is shown by a crook in the 
line and a dot at either end, designating the extent of rise or fall. At the botton\, labeUed 
“Dose”, each-line represents the amount of drug given at each inj'ection. The infections 
are arranged in chronological order. Experiments on thirty-three cats are shown in these 
charts. The thin vertical lines separate the results pertaining to one cat (experiment 1) 
from those of the next (experiment 2). 7?he dotted lines indicate that the changes re- 
corded were complicated by a long period of asphyxia following that particular injection. 

in experiment 1 (fig. 1) occurred in a cat anesthetized mth ether. After the 
ether was omitted the pial artery under observation became slowly narrower 
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during the next few hours. It was in this period that the test injections of 
dial were given. The results therefore may have been affected by the previous 
etherization. Three intracarotid injections of dial caused prompt dilation. 
On the whole dial seemed to act as a dilator but this action was neither potver- 
ful nor consistent. 



2. AVERTIN FLUID 

Avertin fluid was used as the initial anesthetic. Subsequent intravenous 
doses ranged from 0.038 to 0.358 cc. per kilogram. The pial arteries dilated 
in all e.Nperiments. The latent period, between the end of the injection and 
the onset of the dilation, varied from ten to twenty seconds and the duration 
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of the dilation averaged forty seconds. The blood pressure often fell a few 
millimeters, but not enough to affect the pial artery. No important fluctua- 
tion in cerebrospinal fluid pressure or in respiration occurred. Sometimes the 
respiration became a little slower but artificial respiration was employed 
during most of the experiments. See figure 2. 



3. AVEETIN CRYSTALS 

Twice the initial anesthetic was avertin, once ether. Intravenous injec- 
ions of the drug, in doses ranging from 1.05 to 4.2 mgm. per kilopram, cause 
i dilation lasting about forty seconds, and this in turn was often followed by a 
jonstriction. Sometimes the constriction did not start until several mmutes 
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after the injection, and the artery then remained constricted for six or eight 
minutes. No complicating fluctuations of blood pressure or of respiration 
were encountered. Changes in cerebrospinal fluid pressure were negligible. 
See figure 3. 



4. AXIYLENE HYDRATE 

Nembutal, dial or nmylene hydrate were given as initial anesthetics. In- 
travenous injections of amylene hydrate in doses ranging from 10.2 to 81.4 
mgm. per kilogram were given. Following most of the injections the pial 
arteries dilated However, in many of the trials a large dilation ^yas preceded 
or accompanied by a large fall in blood pressure. The cerebrospinal fluid 
pressure showed a slight tendency to rise. See figure 4. 
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5. ACETANILIDE 

The initial anesthetic was dial except in one animal when ether was given. 
There were no conspicuous changes in diameter of the pial arteries or in blood 
pressure folloudng these injections. A 0.5 per cent solution was given (b}'’ 
intravenous injection) in doses ranging from^ 0.21 to 47 mgm. per kilogram. 



Fig? 5 


The most striking observation was the appearance of a purplish broiwi color 
in the pial circulation. This color change increased with successive doses and 
affected arterioles and venules alike. It was noticed about eighty minutes 
after a small intravenous dose of acetanilide (as small as 10 mgm. per kilo- 
gram). See figure 5. 
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6 SODIUM BROMIDE 

Dial was used as the initial anesthetic There i\as no change in diameter 
of the pial arteries after these injections except for an occasional dilation 
following a rapid injection or a \ ery large dose of the solution The doses 
given ranged from 5 to 1000 mgm per kilogram The blood pressure and 
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cerebrospinal fluid pressure did not change significantly, the respiration 
occasionally increased slightly See figure 6 


7 OTHER EXPERIMENTS 

For purposes of companson nine additional experiments were carried out 
with drugs which had already been studied bj this method mtravenous alco- 
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hol (2 experiments), intravenous or inhaled ether (3 experiments), inhaled CO 
(2 experiments), inhaled CO 2 (1 experiment) and intravenous salt solution 
(0.9 per cent NaCl -*}- HCl) of pH 5 (one experiment).'* Alcohol was followed 
dilation of the pial arteries (preceded sometimes by a small constriction) ; 
ether, CO and CO 2 were all followed bj^ dilation. These results are in agree- 
ment with, the results of earlier experiments (2, 3, 4). There was no change 
after the NaCl solution. 


COMMENT 

In general the present findings are similar to those of previous experi- 
ments, most of the drugs causing dilation of the pial arteries. In regard to 
one drug the present results differ from the earlier ones. Avertin crystals in 
1935 were reported to cause constriction (3). It appears now that avertin 
causes mainly dilation (though this may be followed by a slow constriction 
of moderate degree). 

The effect of varying the rate of injection is most clearly seen with sodium 
bromide. Slow injections do not affect the vessels, but rapid injections occa- 
sionally dilate them. 

It is interesting that after succeeding doses of acetanilide the color of the 
blood changes gradually from red to bro\vnish red with a purple tint, sug- 
gestive of cj’^anosis, yet the pial vessels do not dilate. 

SUMMARY 

Intravenous injections of sedative drugs had the follo^ving effects on the 
pial arteries of anesthetized animals: 

1. Dial caused chiefly dilation, but the effect was neither constant nor large. 

2. Avertin fluid (avertin crystals plus amylene hydrate and water) caused 
dilation. This response was fairly consistent and of large extent, 

3. Avertin crystals (aqueous solution) caused dilation. Occasionally this 
was followed by a slow constriction of relatively long duration. 

4. Amylene hydrate caused dilation, but this was usually complicated by a 
change in blood pressure. 

5. Acetanilide caused no change in calibre, but a definite change in color 
of the blood in the pial vessels. This change was from red to brownish red 
with a purple tint — suggestive of cyanosis. 

6. Sodium bromide (injected intravenously at ordinary rate) caused no 
change in diameter of the pial arteries. 
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